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ABSTRACT

A collection of some mathematic:l modeals and thetir computer programs
related to small arms are presented. The meduls encumpass three areas:
interior ballistics, exterior ballistics and ta‘get effectiveness.

The interior ballistic models includes five models for projectile
deQign, propellant charge, cartridge case, case design and cartridge design.
The exterior ballistics model provides two-dimensional trajectories. Eight
models are given for target effectiveness models: individual soldier, heavy
machine gun emplacement, bunker, hemispherc, squad, hidden point target in
area, helmet penetration and brush penetration. Some description of assump-
tions, formulas, input and output formats with numerical examples aze given.
This work provides the basis for a parametric design analysis for the light-
weight machine gun but has applications in other areas as well. The con-
tents are not intended to be exhaustive or conclusive, but to serve as a

point of departure to be added to or modified as opportunities permit.
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1. INTRODUCTION

This technical note is prepared by the Ad Hoc Small Arms Systems
Analysls Werking Group in response to the request for assistance by WECOM
(AMSWE-RES-C) for the project related to the parametric design anaulysis
(PDA) of lightweight machine guns.

The note 18 intended to provide some raticnal basis for onlanning and
implementation of the incipient PDA of the project. It is neither intended
to be crnclusive nor exhaustive for obviously there are some missing areas
in regard to weapon dispersion and lethality models for examples.

Thus, the note should be viewed as a working paper reflecting the col-
lective effort of the working group for the subject at the time, and not
establishing a position.

Principally, the note encompasses three types of models: {interior
ballistics, exterior ballistics, and effectiveness models. Descriptions of
assumptions, formulas, input and output formats with numerical examples as
well as computer programs are given., Although much more information is
needed to cover the subject more thoroughly, the level of sophistication of
the models is consistent with current practice.

The interior ballistics moudels can yield some initial design features.
The exterior ballistic model deals with plane motion. Some other models
for exterior ballistics can also be seen within the target effectiveness
models. The basic setting for the latter models is a stationary weapon

firing upon stationary, passive, point and area targets. No two-sided war



gaming models are included, stince the target effectiveness models presented
are considered to be move germane to an initial study of the project.

All the models have been operationai and validated, except models 5.4
and 5.8, which are newly developed and should be employed strictly within
their own contexts as stated. All the computer programs have been converted
to IBM 360/65 and are current as of 1 February 1971. No particular attempt
was made to unify the format or notations throughout the models and prograus,
rather {t was attempted to make each model as self-evident as possible., A
list of essential input/output parameters is also given. The references

cited include only directly relevant ones.



2. ESSENIIAL INPUI/OUTPUT PARAMETERS

Nomenclature (Model Numbers)

Alm point con hemisphere in X%, and
%x . coordinates (3.4) )

Alr density (%, S5.4)
Averag2 of the offsets (S.1)

Ballistic limit velocity (5.7)
Barrel leagth (3.2)

Bore avea (3.2)

Caliber (3.1, 3.2, 3.4)

Caliber of projectile (5.4)
Cartridge volume (3.5)

Cartridge weight (3.5)

Case lenuyrh~ta-diameter ratio (3.4)
Case material (3.3)

Case taper (3.4)

Case volume (3.3, 3.4)

Case waight (3.3)

Centez ot hemisphere in X 2%X5 90X,
coordinaces (5.4)

Charge volume (3.2, 3.3)

Coefficients of rounds's trajectory
equations (5.2, 5.3, 5.5)

Component of standard deviation of range

estimation error (5.2, 5.3, 5.5)
Constant of proportionality (5.4)
Coordinates (5.4)

Coordirates of center base of bunker (5.3)

>

in/1n
1
grqains

te

i’

m

Notation

X1A,%24,X3A

Dw,P

%ty

4
>

VELPBL
BARLEN
BRAREA

CAL
D

CRIVOL
CARTWT
RATLO
MALL

TPR
CASVOL
CASWT
Al,A2,A3

CHGVOL
T(j)'j-lizl M 95

PRE

B
X1,N2,¥3
AT(1},GT(1)



Nomenclature (Msdel Numbers) Units Notation
Coordinates of {irst almpoint (5.5, 5.3) m GAl
Coordinates of initial aimpoint (5.6) in Xp,YQ
Couvrdinates of ranging-in point (5.2, m AZ,GA
5.3, 5.3)
Deflection in v (5.8) in Dy
Density of titi (5.8) m o
Depth of rectangular reglon (5.9, 5.3, 5.2) m D,RW
Depth ot titi (5.8) m

istance along the slope of fronc m DX

edge of machine gun emplacement from
horlizontal plane (5.5)

Digtance between aimpoints (5.3, 5.2) m DA
Expected fraction of the target - F
incapacitated (5.2, 5.5)

Expected number of hits (5.1, 5.4) - E(H)
Flechette weight (3.1) grains FLWT
Gravitational constant (5.4) ft/sec? G

Head diameter (3.5) in HDRAD*2
Height of bunker (5.3) m HM
Height of individual man (5.2 m HM
Height of muzzle of gun above m Yo
ground (5.2, 5.3, 5.5)

Height of target (5.8) in, m H
Helmet thickness (5.7) in HTHK
Init{al drag coefficient (4) - CDI
Initial standard deviation of lst round ft $X110,5X210,58X310

fn x,,x,, and x; coordination (5.4)



Nemenglature “adel Sunbers)

Inttial standard deviatien 2f lst round
velocity in X ,x , and x, coordinates (5.4)

lnittal standard deviarien of offset in
X, 2%, and x  coordinates (5.4)

Initial standard deviation of offset in
velocity 1n X ,X,, and x coordinates (5.4)

Initial standard deviaticn of subsequent
rounds 1a X;,X;, and X, ccordinates (5.4)

Initial standard deviation of subsequent
rounds velecity in XieXoy and Xy
coordinates {5.4)

Initial velocity (&)
Length of rectangular region (5.6, 5.8)

Maximum numbar of bursts allowed to achleve
desired level of effectiveness (5.2)

Maximum number of rcunds allowed to
range -in (5.2, 5.3)

Mean vt all tirst projectiles in the
bursts (5.1)

Mean of all subsegquent projectiles in
a burst (5.4)

Minimum flight time (5.4)
Muzzle velocity (3.2, 3.5, 4)

Number of aimpoints (5.3, 5.2)
Number of men in the squad (5.2)

Number of nrojectiles/round (5.2, 5.3, 5.9)

Number of replications (5.6)

te

ft/sec

ft

ft/sec

m/sec

sec

m/sec

Natatiun

SV110,5v210,5v310
SX130,5%230,5X330
UX130,UX230,UX330
$X120,84220,5X320

SV120,5v220,5V320
vo
RL

NS

MZ

u
X Y
TMIN
VELM, VD

NA

NT
AXNP

Foo i R




Nomenclatule Clodel Numbers) Units

Nunber of replicativcns/targel engagenent
(5.2, 5.3, 5.5)

yumber of rounds/aimpoint (5.3, 5.2)
Number ot rounds/burst (5.1, 5.5, 5.4) -
Number of rounds/sweep (5.6)

Number ot sweuwps (5.3, 5.0)

Peak pressure (3.2) Kpsi
Penatrator diameter (5.87 in
Penatrstor mass (5.7) grains
Probability of hit with at least onc -
xd/burst (5.1)

Probability of incapacitation (5.1) -
Probability of incapacication glven -
a hit (5.1)

Projectile cross-~sectlon area (%) in?
Protectile diameter (5.7, 5.8) rm,in
Projectile length (3.1) in
Projectile mass (5.4, 5.7) elug, grain
Projectile valume (3.1) in’
Projectile welght (3.1), 3.2, & grains
Fropellant welght (3.2, 3.3) grains
Quadrant elevation angle (&) radians
Radius of hemispheve (5.4) ft
Range (5.1, S.., 5.6) m,ft
Range {iom weapon to senter of recrangular m
region (5.3, 3.2)

Range to nearest portion of target {(5.4) it

Round identificatiom (5.5, 5.6}

[SH——

Notation

NREP

NRA
N.NRA
N

NS

PFRESS
PNDIAM
PNMASS
P(L4)

P(1)
P(1/H)

A
PROIAM, Pp
BUTLEN

X, PRMASS
BUTVOL
PWT, XM, PW
PROPWT

ANGO

Rl
R, XR
xR

RMIN




Nomenclature (Model Numbers)

Sabot mass (5.7)

Shoulder angle (3.4}

Shoulder diameter (3.5)

Standard deviation of (x3,y3) (5.1}
Striking energy at the target v5.8)
Striking veloclty (5.8)

Subsequent projectile disperglon (5.1)

System momentum (3.5)

Time increment (S.4)
Toral delivery errort

Type (3.1)

Valocity of sound (5.4)
Velocity retardation (5.8)

wideh of bunker (5.3, 5.2)
Width of target (5.1, 5.6)
Width of target area (5.6)

Ynits

gralns
degrees
in

o

Joules
m/sec¢

I

slug ft/sec

sec

ft/sec

ft/sec

in

Nctation
SAMAS
ANGLE
SHRAD*2
[ »J
Exa *3

S
Vs
°x2'0x2
SYSMOM
D1
g ,"

x, "X
AN

VR

W

W

WR



3. INIERIOR BALLISTICS MODELS

3.1 Projectile Design Model

a. Steel core bullet i3 zcaled from 150 grain 7.62mm bullet,
b, Lead core bullet 1s scaled fyom 68 grain 5.56mm bullet.
c. Flechette is scaled from 25 grain 7.62mm flechetta.

d. Additional design information is contained in Kalmet Penetration

Model.
Item Designator Units Remarka
Inputs:
Caliber CAL inches
Type TYPE name
Qutputs:
Projectile weight PWT grains
Projectile volume BUTVQL cubic inches
Projectile lengih BUTLEN inches daveloped only
Flechette weight FLWI grains for flechettas

3.2 Propellant Charne Model

a, Loading density is fixed at 235 grains/cubic inch.

b. Manning Intaricr Ballistic Cuzrves as fit by Mr, Whyte of General
Electric Corporation are used. The refarence is Engineering Design Handbook
AMCP 706-150, pp 2-42 to 2-45[1]*.

¢. An iteration method is ugsed. Although failura to converge has not

been experienced, convergence is not unconditional, and error recovery pro-

cedures should be added by the user.

*
Ses Referencs




d. Although convergence is carried to

23.

e. If no entry {or zero) is made for bore aTea, the area i

from the caliber.

€. Barrel length as used In this routine

tance the bullet travels in the barzel.,

longer.

tem Designator
Inputs:
Projectile weight YAl
Caliber CAL
Barrel length BARLEN
Muzsle velocity VELM
Bore area BRAREA
Peak pressure PPRESS
Qutputs:
Propellant welght PROPWT
Charge volume CHGVEL

3,3 Carcridpe Case Model

a, Case welght is calculated from a formul

case data.

0.1%, actual accuracy 1s abcut

actually refers to the dis-

The actual barrel will be somewhat

Lnits

gralns
inches
inches
fent/sec

square inches

Kpsi

grains

cubic inches

bh. Correction is made for case material.

Remarks

from above

" ¥

gee note

will be develuped
from caliber Lf O

a devised from existing

c. An error message 13 produced 1f the pressure is more than 40K psi

in an aluminum casa.

d. The cass volume ig calculatec a

the propellant volume.

g the sum of the matal volume and

s calculated

Ge



Item Designator Unita Remarks
Iaputs:
Propellant welght PROPWT grains from abo' a
Charge volume CHCVQL cubic incnes " "
Case material MATL namne
Qutputs:
Case weight CASWT grains
Case volume CASVQL cubi¢ inches

3.4 Case Design Model

a. Preliminary head radius is calculated assuming & cylindrical case.
Shoulder coordinates are calculated by polnt-slope formulas. Total volume
for the assumed dimensions is calculated and compared tou actual. A new
head radius is calculated and the procedure repeated vatil the calculated

volume is within 0.01% of the actual valuae,

L. No entry (or zero) for shoulder angle will result in 40 degrees

being used.

c. TFuture revisions of this model will contaln deifault values for
length-to~diameter xratio and case tapet.

d., So far as is known, convergence of the iteration routine is un-
ccnultional.

e. This model does not assure that a flechette is fully contained in
the cartridge case, as is the gurreat practice. Flechettas cartridges cal-

culated by the program will be longer 2nd thinner then standard cartridges.

10




Ltem
Inputs:
Case volume

Shoulder angle

Case taperw

Case length-to-
diameter ratio

Caliber

Qutputs:

Head diameter

T.ength from head
to shoulder

Shoulder diamater

CASVQL
ANGLE
TUR
RATIQ

CAL

HDRAD*2
CASLEN

SHRAD*2

3.5 Cartridge Design Model

Units
cubic inches
degrees
inches/inch
dimensionle2a

inches

inches

inches

inghes

a. Cartridge weight = sum of component welghts

b. Cartridge volume = sum of component volumes

c. Muzzle energy = 1,2 MV*

d. System momentum = formula from [ 9]

il

Remarks

from above

value of 40°
assumed if

i1f zero entered
uses .01746

to be optimized
default value = 4

from above

G
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190

200
L ATA)

210
220
: 230

240

250

260

270
280

(@

. 300
310

320

321

Tﬂ- 330

L $J08 *LMG MODELS® +KP=229,TIME=300

SY-TNl0-70 3 INTERIOR BALLISYICS MUDELS 0CT.-70

SY-TN10-70 3.1 PROJECTILE DESIGN MODEL acr.~-70
ASCIT TYPELJMATL

FORMAT(LH])

FORMAT( *OCALIBER ='EL15.8' IN'/)

FORMAY(B8F10.0)

WRITE(6,425)

READIS,40) CAL

WRITE(E,30) CAL

FORMATIT10)

READ(5,2000) NiYPE

FORMAT (LXo*YYPE (1-STEEL,»2-LEAD,3-FLECHETTE) =%15)
WRITE[b6+50) NTYPE

*STEEL CORE BULLET SCALED FROM 150 GRAIN T7.62 MM BULLET
IFINTYPE. NE. 1) GO TO 150

PHTz150,.%(CAL/ .30851¢%3

BUTVOL3.0701*(CAL/.3085)4=*3

BUTLEN=1.259%CAL/.3085

FLWT=0.0

GO 10 300

*LEAD CURE BULLET SCALED FROM 68 GRAIN 5.56 MM BULLET
IFINTYPE. NE. 2) GQ TO 210

PWTa6B.*(CAL/.2265)1%%)

BUTVOL=.0273%(CAL/.2245)%%)

BUTLEN=,9406#%(AL/.2245

FLWi=0.0

GO 70 300

IFINTYPL. NEs 3) GO TO 270
PHT=CAL**3%{3991.9T7+2307.5*CAL)
BUTVOL=.0679¢{CAL/.3085)%%)

BUTLEN=].259¢CAL/.3085

FLWT=851.48%CAL*23

60 70 300

CONTINUE

FORMAT (11X, *UNDEFINED BULLET TYPE?®)

WRITEL6,280)

GO TD 1310

CONT INUE

FORMAT(L1X, *PROJECTILE WEIGHY =v2X,E15,8' GRAINS')
Hailets 210) PWT

FORMATI{1X, "BULLET VOLUME ='5X4EL15.8" CU IN')
WRITE(6,320) BUTVOL

FORMAT { 1X, *BULLET LENGTH =%6X,E15.8' IN"')
WRITE(6,4321) BUTLEN

FORMAT(LIXo*FLECHETTE WEIGHT 3*'3X,E15.8' GRAINS')
WRITE{6,330) FLWT

12




C 350 3.2 PROPELLANT CHARGE MODEL

380 FORMATI(8F10.0)

READ(%,380) BARLEN,

370 FORMAT(LX,'BARREL LENGTH
WRITE(6,370) BARLEN

390 FORMAT{IX,'MUZZLE VELOCITY

WRITE(6,4290) VELM
IF{BRAREA.EQ.O0.O)BRAREA=I.14159/4,0%CAL®*2
410 FORMAT{1X,'BORE AREA ='1l0
WRITE(6,410) BRAREA
430 FORMAT(1X,*PREAK PRESSURE
WRITE(6,430) PPRESS

460 PRUOPWT=PHT/S,.

470 CHGVOL=PROPWT /235,
80 CMR=PROPWT/PWT

49C XPR={ (HBRAREA®BARLEN)+CHGVOL) /C.HGVOL
500 IF(XPR.LT.10.) GO TO S30
510 VXx1.183+(XPR-10.1%1.0292)~.C00833*%(XPR-10.)%*2
520 GO TO 540
530 VX=21.1834{XPR~104)%.0275+,C00381*(XPR-10,)*:3
540 IFICMR.LT..B)G0 TO 570
550 VC=3820.4(CMR=,BI*1516.7-1866,T*((MR-,B)0%2
%60 GO 10 610
570 IF{CMR,L.LT..5)GO TO 6CO
580 VC=3140.4{CMR-.5)%2916.6~2166.%{(MR-,5)¢%2
590G GO VO o610
600 VC=3140,+(CMR=.5)1%2150.-3500%(CHR-,S)%02
6l0 IF(PPRESS.LT.55.1G0 TO 640
620 VP=.99¢(PPRESS~5%,)%,0021

630 GO TO 650

640 VPa.994(PPRESS-55.1%.0015-.CCO1F8(PPRESS-55.10%2

650 VLCTY=VXeVCavp
660 PROPWT=PROPWT®(L.+(VELM=-VLCTY)/VELM])
6eT0 IF(ARSIVLCTY-VELM).GT.VELM*,001)G0 TO 470

680 FORMAT(1IX,'PROPELLANT C(HARGE
WKITE(0,680)

PROPWT

690 CHOVOL=PROPWT /235,
700 FORMAT(1Xx,*CHARGE VDLUME

...--rcnt."'lgr;l! CHQVYOL

WYLy

VELM,BRAREA,

=96X4C15.8"

XsE15.,8* SQ

='6X,E15.8"

=16X,E15.8"

13

PPRESS

iNY)

=T4X.L15.8% FT/SECT:

IN')

KpPSl*)

='2x0615|8‘

cv

GRAINS®)

IN¢)

B

®

G
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[aEal

[aRalal

129

3.3 CARTRIDGE CASE MODEL

READ(S, 721 IMATL

121
730

FORMAT(110)
FORMAT(/* CARTRIDGL CASE MATERIAL {1-STEtLs2-ALUMINIUM) =*15)

WRITE{6,T730) MATL

750
160
170
180
90
800
810
820
830
B840
850
860
870

880
€90
909
210
915
420

340

360

9%0

980

1010

1030
1040
1050
1060
1070
1080
1090
1100
1110

o

S =

SDEFAULT VALUE ASSUMES BRASS

CASWT={PROPHT ¢2.518)/.2084

CASYOL=CHGVOL +CASWT /2156,

*STEEL CASE =90 OF BRASS CASE wT., DENSITY 21960 GRAINS/CU.IN,
TF{MATL .NE. 1) GO TO 84Q

CASWT=CASWT*_9

CASVOL=CHGVOL +CASRT/ 19060,

GO 1O 91s

SALUM, CASE = 37.6 QOF BRASS CASE, DENSITY = 707 GRAINS/CU.IN.
fF(MATL. NE. 2) GO TO 915

*PEAK PRESSURE #0R ALUMINUM MUST NDT £ XCEED 40 KPS

1FIPPRESS .LEt. «0.3G0O TQ 890

FORMAT (¥, *PEAK PRESSURE TOU HIGH FOR ALUMINUM®)

WRITE(6,870)

GO TV 1310

CASWT=CASWT* 376

CASVOL=CHGVOL +CASWT /707,

FORMAT (1X,*CASE WEIGHT ='14X,E15.8,% GRAINS')
WRITE(6,710) CAlWY

FORMAT(LX,*0UTSIVE CASE COLUMN ='6X%X,EL15.8,' CU IN')
WRITE(6,920) CASVOL

3.4 CASE DESIGN MGOEL

FORMAT{8F10.0)
READ{S, 56U ANGLE; TPR . RATIO
FORMAT{1X,* INCLUDED SHOULDER ANGLE ='2X,E15.8' DEGREES'S}
WRITE(649%0) ANGLE
IFITPR.EQ.D.ITPR=.01740
FORMAT(1X,* INCLUDED TAPER OF CASE ='3x,t£15.8' DEGREES?')
WRITE(6,980) TPR
IF(RATIULEQ.D.D0)RATIO=4.0
FORMAT(1iX,'L/0 RATIO OF CASE ='8X,E15.8)
wRITF(651010) RATIO
HORAD=(CASVOL/6.2B3/RATIO)**,.333333
SLOPE=~TAN(ANGLE/2.)
CASLEN=HDRAD®RATI0*2,
TAPSCAL/ 2. ~SLOPERLASLEN
CYLEN= {HDRAD=TMP )/ (SLOPE+TPR/2.)
SHRADs~TPR/ 2, *C.YLEN+HDRAD
TvOL=3.,14159/3.¢(HORAD**2 +HDRAD*SHRAD+SHRAD*®*2)sCYLEN

SVOL=3.14159/3.%(SHRAD#*24+SHRAD®CAL/2.4(CAL/2.)452) % {CASLEN-CYLEN)

FYOL=TVOL*SVOL

14

«@c ¢

(r



1120
1130
1140

1150

1160

1170

Cl180

C1190
1200
1210

€1220
1220
1240

Clz250
1260
12170

c1280
1290
1300

-
]
v
o

HDRAD=HDHADHLXADS (CASVOL-FVOL) /13.9CASVOL)
TE{ \BS{CASVOL-FVOL).GT.CASVOL*.CON1IGO TO 1050
FORMAT {1X, *HEAD DIAHMETER a']12X,E15.8° IN')
HORAS2=HDRAD*2.0

WRITE(S,1160) HDRAS2

FORMAT (IX,*HEAD TO SHOULDER LENGTH =92X,E15.8% IN')
WRITE(6,11501 CYLEN

FORMAY (1X4* SHOULODER OTAMETER ='8X(E15.8" IN?)
SHRAG2=5HRAD*2,0

WRITClo,1160) SHRAD2

EOKMAT (1X,"CASE LENGTH ="14X,E15%.8% INY)
WRITEL6,1170) CASLEN

3.5 CARTRINDGE DESIGN MODEL

*CARTRIDGE WEIGHT

CARTHT=PWT +PROPWT+CASWT

FORMAY(L1X,* CARTRIDGE WEIGHT ='9X,E15.8% GRAINS')

WRITE(6,1210) CARTWY

*CARTRIDGE VOLUME

CRIVOL=CASVOL+BUTVOL

FORMAT {(1X,*CARTRIDGE VOLUME =°*9X,E15.8* CU IN*)

WRITELG41240) CRTVOL

*MUZZLE ENERCY

ENRGY=zPWYSVELM®%2/450340.

FORMAT{LXx,*MUZZLE ENERGY =°12X,E15.8"' FT-LBS')
WRITE(641270) ENMRGY

*SYSTEM MOMENTUM

SYSMOM= (444 E~S#PHTHVELME( [4~S.03E-S*VELM]}+.0232PROP WY

FORMAT (1X,"SYSTEM MOMENTUM =?10X,£15.8* FT-LBS*)
WRITE{G641300F SYSHOM
CONT INUE
svoe
END
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Nurerical Example:
CALIBER = 0,30000000t QO IN
TYPEt (1-STELL,2-LEAD, I~-FLECHETTE) = 1
PRCJECTILE WEIGHT = 0.13793970E 03 GRAINS »
RULLET VvOLUME = D.64463850E-01 CU IN
BULLET LENGTH = 0.122431008 01 1IN
FLECHETTE WEIGHT = 0.00000000E CO GRAINS
BARKEL LENGTH = 0.20000000E 02 IN
MUZZLr VELOCITY = 0.30000000€ 04 FT/SEC
ACRE ARLA = 0.70685740€-01 SQ IN
PLAK PRESSURL = 0.55000000¢ 02 KPS| »
PRCPELLANT CHARGE = 0.51575340€ 02 GRAINS
CHARGE VOLUME = 0.2194T7200€ 00 CU 1IN
CARTRINDGE CASE MATERIAL {1-STEEL,2~ALUMINIUM) = 1
CASE wWEIGHT = 0.,23361080E 03 GRAINS
QUISIDE CASE COLUMN = 0.33866120€ 00 CU IN
{NCLUDED SHOULCER ANGLE = 0,40000000E 02 DEGREES | ]
INCLUDED TAPER OF CASE = 0.17645999CE-01 DEGREES
L/D RATIO OF CASE = 0.40090000E 01
HEAD DUAMETER = Q.48B0T7270€E CO IN
HEAD TC SHOULCER LENGTH = 0.19177170E OL IN
SHOULDER DIAMETER = 0.4549835CE 00 IN
CASE LENGTH = 0.19522670€ Ol IN
CARTRIDGE WEIGHT = 0.4231254CE 03 GRAINS 1 4
CARTRIDGE VOLUME = 0.40312510E GO CU 1IN
MUZILE ENERGY = 0.275646T0E 04 FT-LBS
SYSTCM™ MOMENTUM = 0.,27463450E 01 FT-LHS
L
]
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«.  EXTERTOR BALLISTICS MODEL

This program reads in values of the drag coctficient, C as a function

2
pte
of velocity, V., (or calls on a function to supply CD2) then proceeds to
integrare by contraction iteration tu vield the height y, range x, the time

of £1light, t, and the instantaneous angle of the trajectory with respect to

the horizontal, ANG. Parameters which must be supplied are as follows:

Parameter Program Symbol Units
Projectile weight XM grains
Quadrant elevation angle ARG radians
Proj C.S. area A 1n?
Muzzle or inicial velocity Vo meters/sec
Initial drag coef (CDI) Chl -
Air density ¥ 1bs/ft’
Basic Relatiovns:

dv . -
vl -pAjv]|v CD(V) - g

dvx ) -oAv-vESD(v?

dt m
Let c = A s, V. m VY cOos.

™ x
Then, dv
—-X .4 (v cosa) = cosa v v sinu a4
de dt - de ST de
= -8 {¥ivicasa
D
dt = —2— (- ¥ 4 tana du)
cCD(v)v v
17
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lLet
v. = muzzle velocley
¢v = a small, constant velocity Interval (usually chosen as 20 m/sec
for supersenic flight, 10 m/sec for transonlc and subgonic
replon.)
a_ = quadrant elevation angle
VRV T &, iwl,2, +++ LN intervals
Vg T terminal velocity = v, - Nav
Thea fvi
! 1 -dv
Y - - - - —————— — +
at ‘i [1-1 ; RO, ( " tana da)
'vi_l D

In the interval, the quantity CD(v)v is considered to be constant and
equal to CD(E)E. where vy < £ < Vi

("1-1\ cosd, j
Log 1 ¥ 103 ——
Vi COSQi

-t 'ch(i)L J

The angle a1 is considered known; o must be tound by iteration. Lat

J ba the iteration index. Two iterations are generally sufficieat to give

three significant digit accuracy; j=0,1,2. Initially, ufo) - ui_l-.OOS

v(o) is found (see below), .
D 1
) - Yy |

oi‘ = tan L——-“ i etc,
v cosn, J

(rad). Then once

To obtain the range x, = x(v,) = X, _, + 4%

18




dvx dvx
rraa i P N

dx = - cogsa dv - v sina dn)

3
cCD(v)v (

co83 /dv )
- cCD(V) \ v - tana ig

v cosa

Ax = 50_(5:1(3)_ 1n _.Li____-i___l.'. R where v < w <V _
c D(u) vi cosa, i 1-1

SN - ‘
In practice, (E;FEFT)AV , the average value over the ith {nterval, is
cosa . cosa(w)
used for RO and (E_YC) )av is used for the quanuicy c 0"
D D i D
To obtain the height y, = y(vi) =yt ay
dvv
T - -cLD(v)v-vy -g
- -LhD(V)V?Ilnu - R
£, , .
vy - vy - gt -~ ¢ CD(v)v gina dt
i-1 i-1 L1
2
vyi -y - ~ got - LCD(U)U sina(u)at , where vy <u < vy

Initially, vyo - v sin a,

In practice, (CD(v)v:sina) is used for C (u)uzlinu(u). Then
avi D

re
i
finally, Yy = ¥y + J; vyi dt.
i-1

19
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Numerical bxarple:

Input:

Output:
ve

0.93000000C
0.98000000C
0.v7000000C
0.9600000¢C
0.95000000C
0.94000000C
0.33000000C
0.92000000C
0.91C00000C
0.90000000C
9.89000000QC
0. 880000cC0C
0.87000000C
C-86000000C
0.85000000C
0.840000000C
0.83000000C
0.82000000C
0.81000000C
0.80000G600D0
0.790000000
0.780000000
0.71000000C

Note:

vl vr

X

03 04264528810
03 0.528944300
03 0.793237970
03 0.105740360
03 0,13214375D
03 0.156533u82D
03 0.184710690
03 0,211274740
03 0.237626620
03 0.263967250
Q3 0.290297H1D
03 0.316619780
03 04342934920
03 04369245290
03 0.3955%3230
03 0.421861400
03 0.44817273D
03 0.474490490
03 0.5C0818250
03 0.5271%9900
03 0.593519640
03 0.573902010
03 0.604311880

VINT

10,

¥

0.265863%51D-01
Ce534313130-01
0.805393360-01
C.107915240 0O
0.13556427D0 00
0.163492050 00
0.1917C4720 Q0
0.22€02008840 Q0
C.249011520 00
0.278120400 00
C.30 53860 00
0.337290110 00
C.367265S170 09
C.39779094D 00
C.#2856621D 00
0.459706510 00
0.491224150 00
0.523132280 00
0.59544489D0 OC
C.588176920 00
C.621344270 00
C.654963840 00
G.689C5367D 00

ANG

-0.263178020-03
=0.53162764D~-03
-0.305502490-03
-0.108496480-02
-0.137018620-02
~0.1661343900-02
-0.195864230-02
-0,226227260-02
~0.257245450-02
—0.2088941467D0-02
~0«232134016D-02
~0.354466690-02
-0.388348600-02
-0.423014950-02
-0.45849663D0-02
-0.49482650D-02
-0.532039510D0-02
~0.570172900-02
~0.609266310-~02
~0.64936202D-02
«0.690509090-02
-0.732743630-02
-0.77612898D-02

The user must provide termlipaticn criteria for execution.
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$JOB YLMG MOCELS',KP=29,TIME=ICQ
C SY-TNL1O-70 4 EXTERIOR BALLISTICS MUDEL £CI.-70

IMPLICIT REA: #B(A-H,0=-2)
700 FORMAT(4E20.8)
701 FORMAT(BFLO0.0)
702 C0RMATUZ/7 411X V2Y , 1RX, "X, 18X T, 16X, "ANGY/)
10 COMMON VO, T1,YELNY
WRITE(6,702)
20 XM = |8360.
30 XMz=XM/7000.
40 ANGO =0.0
50 ANG = ANGO
VELDY=0Q.0
60 REAC(S,701) VIeVIVINT
v1340=Vv1/340.0
70 CC1s2.54648¢GSHCRAG(VLIIL0)
80 C=.07
90 CATA YT, TlyX/4%0,.00Q/
100 A=z,51%
110 vo=vil
120 G=9.5
130 Cx1.64%0¢A/ l44,./XM
140 C=.07
1 V2=V1=-VINT
¥23402v2/7340.0
160 C02=2.54648%C60KAGIV21349)
170 CALL XYT(ANGOyANGCOL,CD24CoV1lgVzeToX,Y)
179 WRITE(GL,700) V2,%,T4ANG
180 vi=Vy?
190 C01=CD2
200 GU TU )
210 END

21




240

2950

260

270
280
290
300
31¢
320
330
340
350
300
370
3380
390
«00
410
430
44Q

TRAJECTORY

SUBROUTINE XYTUANGOWANGoCDPLsCO24CoyVEioV22ToX,Y)
IMPLICTT REAL*B{A-H,0~2)

COMMON VO, T 1, VELDY

VBAR= (He(V24y])

CATA G/9.80G/

ANG1=ANG

AV=,9%(CO2*v 2%y 2+{0LleV1eV1II*OSIN(ANG)
ANG=ANG=-,0005

CO 3710 K=1,2

CT=2¢{1/V2=-1/V1)/C/7{CC2¢CD1)
CT=0T+42/C/7(CN2+CO1)*DLOG(DLOSIANGL)Y /DCOSCANG) ) /VBAR
T=11+DT

IF{K.EQ.2) VELOY=VELDY+(C*AVIDT

YCOT==VELDY~G*T +VO*DSINIANGO}
ANG=DATAN{YDQT/V2/DCOSCANG )

CONT INUE
CXx=2*DLOGIVL/V2)/C/{CC2+COL)*DCOSANG:

X= X+DX

YaY¥—o3% [ Gr(T4T1) +C.AVEQT )*DT-VELDY*DT4+DI®VORrDSINIANGO)
T1=T1

RETUHRN

ENC
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FUNCTION G6CHRAG(A)
IMPLICTY REAL*8lA-h,0-1)
FORMAT {(Z7TH ERRUR M IS LESS THAN ZERO. )
FN(PyCyUoEeF) = BrAS[CHAR(D+AR(E4ASRF) )
IF(a.LT 0.1 GO IC L

IF{A.LL. «0%) } GO 10 2

IF{AaLLE. .233 ) GO 10 3

IF(ALLE. 4863 ) GO 1O 4

IFlA.LE. 1.033 ) GO YO S

TF(ALLE. 1.26 } GO 0 6

1F(A.LE. 400 } GO TO 7

TFlALLE, 4,45 ) GO YO 8
Go={(«970RG270¢,120062276%A)*+2-1.)/A/A

nC 10 10

WRITE(G,11)

C6=0.0

GC TO 1U

C6=.10030240

GO0 1D 10

G6=FN{.024823663, .24293130,-3.3837CC2,15.539437,-24.126021)
GO YO 19

Co=FN1.11010627,-.1346965Cy .33¢35169,-.45T739903, .264%88434)
60 170 10

GOxFNI-118432592y $15.93365,-84C.14262) 605.5405%6+-162.96801)
GO 10 1V

Go=FN(-68,123773, 23Ne69793,-292.13672 164.38222,-34.682020}
GG 10 10

GO=FN[.14540528, L15E1148,-,10252627, -C26467183,-.0022346898)
GC 7C 10

G6=FN([=,48976120y «625C2782y~e24248594,.040170705¢~.0024540220)
CAHLCRAL =06

KETURN

ENC
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£

10
|

20
29

30
39

“«0
49

50
55

60
65

70
™

80
85

90
9%

100
10%

110
119

120
125

130

FUNCT TUN UFRAGEVLD)

(MPLICTY REAL*38(A~H,0-2)

vPraL LD
KﬂlA.R.Ca0)=(AOV‘(B:V¢(6¢V‘01)D‘(.8650.135*L0/10.)
LE(V-a419:5,410

CERAGSKD(«162¢04904¢9041)

RETURN

IF(V=-42)19,1%,20Q
FCRAG:KCI.\6088015.—.k579461lE-l..626259945-1..7488540E-1b
HETUKN

1t ‘V'-7)2‘)|25| 30
FCuAG=KD(.160«4788..lCJQGQQQE—I.-QTCSbLZQSE-I..15034362'
wETURN

IFIVv-1¢)39,39,40
rUHAG=KU(.17352263.-.4523569E-1.,QABSZBQIE—Z'.11222482)
HETURN

lF(V-l.l)#ﬁ.hS.SO
FDHAG=KU(.BZIXIOIbEI..10108637E2'-.1014438hE2..3496849F1)
RETURN

[FLV-1.1815%,55,60
FD&AG:KD|.422«0568t2.~.llB&iOth)..\025457F3.-.30651663E2|
KETUKRN

[F(Y=1.3165,65,70

FORAG=XDI-.42852855E 2, .10248875&3'-.8019260962..Zl13882152)
dETURN

1Fiv=1.451T75+75,R0
FDRAG=KDl&l1639l4c20-.23262008£2|.15§3ﬂ74352.—.3664089451)
HETURN

[Flv-1.,0189,8%9+90
FURAClKO(-~lO§59?bZ..lC37h383€\.-.819&9621..1883793\
RETURN

1FIV=2.195,9%, 100
FCRAG=KD(.Bll75569,-.6&258976..25552135.‘.35582693E—1)
RETURN

{Fiy=-2.461105,105,110
chAG=KD(u6177b329.—-391601l7..11002705.-.113336“3E-1)
KETURN

IFiv-3.23115,11%,120
rDRAG=Kn(.6H902717.—°35568127..950&0423E-1.—-92549651E-2)
RETUKRN

IFLV=-4,21125412%,1130
FCkﬂchU(.16?6&3046-1,.12503913.-.55164359[—1..63935269E-2)
Rt TURN

FUHAG=KD(.\0210010-IQ-)

RtV URN

ENU

NOTES:

1.

2
-~

3.

Yy = Projectile Maco number
LD = Length-to~diametc: catio of flechette

The above Flechette Drap Subprogran i{s not used by the main pyogram.
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5. TARGET EFFECTIVENESS MODEL

5.1 Individual Soldier Model

1. Basic Description

The individual soldier (three distribution machine gun model) program
computes P(I), probability of incapacitating the target with at least one
round per burst, and E(H), expected number of hits per burst for a machine
gun fiiing an N round burst at an individual soldier (L.e., a point target).
2, Assumptions in Modeling

The traditional "shotgun'" (two distribution) model [1ll] assumes that
each projectile in a burst has the same probability of hitting the target.
Analysis of dispersion data obtalmned for both automatic rifles and machine
guns nas indicated that this is a good assumption for weapon systems fired
from rigid mounts (i.e., tripod or pedestal mounts) and for low impulse
({.e., 5.56mm as ccmpared to 7.62mm or .50 cal) systems fired from any mount.
However, for some .iring conditions, such as the MA60 machine gun mounted on
a bipod or an automatic rifle fired from the shoulder, it has been shown
that this 18 not a reasonable assumption. Consider, for example, Figure 1
which presents a typlcal pattern of impact points trom four f~round bursts
rired from an MCO machine gun mounted on a bipod. From this figure it can
be reen that the first projectile in each bursi is distributed significantly
apart from, 2nd generally impacts closer to the aimpoint than, the subsequent
projecriles in the burst. This distoiby
jectile in the burst {5 fired similarly to a semi-automatjc rifle round.

Therefore, the conly error sources which distribute the first projectiles are

25
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SUBSEQUENT

ROUNDS

ACTUAL AIM PQINT -»

THEORET ICAL
AIM POINT

FIRST ROUNDS

FIGURE 1

Tyolcal Burst Pattern of an M60 Machine Gun Mounted on a Bipod
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round- to-round dispersion and aiming error (delivery error); whereas, the

subtsequent projectiles hzave an additional error source due to weapon move=

ment which induces a separation of the first and subsequent projectiles (the

magnitude «f which apparently depends on both the rigidity of the mount and

the impulse of the machine gun). Consequently, for weapon systems fired

from non-rigid mounts the firgt projectile of any burst will generally have

a higher probability of hitting the target than the subsequint projectiles.
Another assumption in this model 1s that each pseojectila in a purst is

distributed as a bivariate normal with tha herizontal (x; coordinate of each

projuctile distributed independently from the vertical (y) coordinate.

These two assumptions are incorporated together to form the follewing three

bivariate normal distributions which form the basils of the individual soldier

(three distribution machine gun) model:

Distribution of the first projectiles in buists about rhe actual

a.
aim point.

b. Disctribuition »f the subsequent preojectiles about theilr centers
of impacr.

<. Distribution of the offgets of the subsequeat projectile centers

of impact from the corresponding first projectile.

The asswuption of a normal distribution restricts the use of this model
to short burstis.

Sevaral other assumptions made in this model are as follows:

a. The individual soldier is represented by a vertical rectangle of

haight H and width W, whosa base is located on a horizontal ground plane.
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e polnt at wnich the machine gunner afms his weapon (the theoretical
atmpoint) s located ac the ¢eater base of the recrangle. However, no
pruviston is made {n the modal to determine effectiveness due te projectiles
thae ricochet.

b. A Gaussiun (16 point) integration formula has been used to evaluate

the tntegrals i1n the basic formulas for P(I) and E(). This formula is

detined as tollows:

b 16
pot{x)dx = (b-a) [ G1 f(xi)
la 1=1

vherte
x1 = (h-a) 11 + a

and Gx' Ti known constants (weights).
3. Basic Formulas

AMSSA TM-33 (5] presents the derivations of the formulas for P(I), the
probabiiity ot iucapacitating the target with at least one round per burst
and E(H}, the expected number of hits per burst, for a machine gun firing

an N round burst at the center base of a single rectangular point target.

The following notation was used in the report:

P(l) = protability that no projectile in an N round burst

incapacitates the target

P(l ) = probability that no subsequent projectile incapacitates

the target

P(lf.ig) » probabilicy that the firat projectile incapacitates the
target and no subsequent projectile incapacitates the
target

2
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P(s) = probability that the subsequent prcjectile hits the target
P(F) = probability that the first projectile hits the target

The final sffectiveness formulas derived ir the report are:

P(1) « 1 - P(T)

where - _ -
P(I) = P(I') - P(*f'lu)

and
E(H) = P(F) + (N-1) * P{(S),

Since, by definition

P(I) = P(I/H) - P(H)

where
P(I/H) = probability of incapacitating the target given a random hit

P(H) = probahility of hitting the target
then P(l+), tha probability of at least one hit per burst, can also be
determined from the machina gun model, by setting P(I/H), equal to one in
thae formula for P(I1).
4. Notation and Units of Input and OQutput
Table 1 presents the parameters required as input into the individual
soldier program and the proper format statemente for each parameter. The

followiug notation was used in pregenting the format statements:

Fw.d - roal number without an exponent, i.e.,, floating point

Iw - integer numoer
where
W - fiaeld width
d = number of decimal places to the right of tha decimal point.
29
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Table 1 Input Parameters for Individual Soldier Program
(1 Card/Case)
L |
Symbal Parameter Units Columns Format
R Raage lu* 1-5 F3.0
N Numbers of Rds/Burst - 6-9 14 e
W Width of Target lu 10-13 F6.2
H Height of Target lu 16-21 F6.2
PHK P(1/H) - 22-2§ F5.2
X1 by lu 27-31 F5.2 ¢
1
YBI uy lu 32-36 F5.2
1
SXI a 1lu 37-41 F5.2
*)
SY1 oy lu 42=-46 F5.2 @ e
1
4.1 " 1lu 47-51 F5.2
*3
YBQ " 1lu 52-56 F5.2
y3
SX9 ¢ lu 57-62 F6.3
Xy e
8Y9 °y lu 63-68 ¥6.3
3
SXS o] 1y 69-74 F6.3
X2
SYS a 1lu 75-80 F6.3
Y2
[ 4
lu* - Linear Units
[
3o
e
[
@ e L o -] o e




The units or the paramaters are not restricted. The only requirements 1is
that for each case they must be consisctent. For example, 1f the dimensions
of the target are in meters, then the offsets and dispersions must be in
mecters. (Range is an exception sinca its only function is for identification
purposes.) Each case requires one input card. Similar information 1s pre-
sented in Table 2 for the output of the program,

An explanation of the offsets and disperslons required as input into the
individual soldier program 1y as folluws:

The origin of an (x,y) ccordinate system is located at the center base
of the rectangular target (theoretical aim point). For each bursc, the
coordinates of the first projectile are {xi,yl) (firat distribution), and
the coordinates of each subsequent projectile are (xz,yz) (second distri-
bution). For M bursts the offsets (mean)} and dispersions (standard devi-~
ations; for two of the three distributicns required in the machine gun model

ara as follows:

hs actual alupoint reiarive to the center
bage of the rectangular target (mean of gll first pro-
Jectilas in the M bursts).

(ax »0_ ) - total delivery error (standard deviation of the first
projectiles in the M burgts about (ux .uy ),
1

(ux ,py ) - coordinates of the center of impact of the subseguent
2 projaectiles in a burst (mean of all subsequent pro-
jectiles in a buret).

(ax '°y ) - subsequent projectile disparsion (standard deviaclon of

the subsequent projectiles about (u_ ,u )).
XY,

31

(e

c@c

(o




Synbol Parameter Units
Synobe’ sarameter saits
R Range lur

PHK
X8l
YBL
SXI
SYI
XB@
YBo
sx9
sYP
SXs
S H]
EH

PX

Table 2 Gutput Parameters for Individual Soldier Pregranm

(1 Line/Case)

Number of Rds/Burat -

Width of Target 1u
Height of Target 1u
P(L/H) -
uxl 1lu
1
Pyl u
[+ 1u
¥
a lu
Y
ux3 1lu
v 1lu
Y3
ax 1lu
3
a lu
)'3
ox 1lu
2
o 1lu
¥s
E(H) -
P(I) -

*lu ~ Linear Units

32
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Columns

1-5
6-9
10-15
16-21
22-26
27-31
32-36
37-41
42-46
47-51
52-56
57-62
63-68
69-74
75-80
81-86
87-92

Format

F5.0
14
F6,2
F6,2
F5.2
F5.2
F5.2
F5.2
F5.2
F5.2
F3.2
F6.3
F6.3
F6.3
F6.3
F6.3

F6.4




Let (x3.7.)
where

Xy = u1(2-x1
and

¥y = uyz‘yl

be the offset of the center of impact of the gubsequent projectiles in a
burst from the first projectile. Then the offset and dispersion of the
third distribution are
(uxa'uya) - average of the M cffsets (x5,¥3)
- 3 - ]
(cx .cy ) standard deviation o’ (xa.yj) about (ux W)

3 73 3 Y3

The magnitudes of (axz.ayz). (ux3,uy3) and (ng’uy‘) depend on the impulse~
of the weapon and tha mount used. Figure 2 {n a diégram of r ese offseats
and dispersions.

Values for the width and height of the rectangular approximation of the
target as a function of the position of the men are given in Table 3.
S. Numerical Example

Thrae sample cases were run uging the individual soldler program. Three
ranges wers considered for one set of cffsets and dispersions. Table 4 pre-
sents the {nput paramaters for the three cases and Table § oresents these
input parametara as they appeared on the input cards for the program. Table 6
presents the sampla output for the numerical exampla.
¢ run on the Ballistic Reseairch Laboraiory
BRLESC computer. Total running time was .2 minutes while the compiling time

was .18 minutes, The memory required was 5K.
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Table 3 Dimension of Target
(Rectangular Approximation)

Width Height
Position (in.) (in.)
Standing 17.872 58,491
! Kneeling 16,500 33.874
Prornie 26.C00 13.887
1
'.
)
|
)
|
35




Table & Tnput of Parameters for Numerical Example
of Individual Soldier Program

Parameter

Range

Nuymber of rds/burst

E_ara:necer
Wideh of target (#)

Height of target (#)
P(I/H)

36

25

6

0d

o¢

3.5¢

3.5¢

2¢

Assumed Values
50 100 M

25

20.18
35.08
.85

Range (n)
50

10.09
17.54
.83

100

5,045
8.771
. 80
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Q/)

TX2(CX®XBL*eSX1€X(K)/SXD

TY=CY®YBL+571€X(K)/SYD

EXXRTEXARCGIKI*EXP (=0 5%¢X(K)®X{K) )T ERFICX*HW/Z.0-VX)-ERF{--CX*KW/2.0

1-TX)) e
S EXYRaEXYROG(K)IEEXP(-0,5¢X (V)X {K)}*(ERFICY&®H-TY)-ERF {-TY))

TWPI=x34161592700%2.0

EXXRI=8.0*EXXRIDSQRTITHWPL)

EXYR1=8,0*EXYR, DSQRT(TwWPI?

PKFB=EXXRL*EXYR]

G

MzN-1

LOOP TN EVALUATE SUBSEQUENT TERAM4S (1 = 1 TO N-1) IN SUM FOR PKSH
AND PKFB (tbe = 0SeS GUASLTAN INTLGRATION wilTH A = -4 AND 'z «4)

00 8 [=1.M

EVALUATES FACTORIAL
AN=N
FACI=1.0
00 6 1Jalyl
Al=12
6 FACI=FACI*®(AN-ATL1)/AL

SMSY=0.0

SMSX=0.0

SMFX=0.0

SMFY=0,0

DO 7 J=l,16
X{Jd)=B.08T(J)-4.0

PKSB

SX=({XBL+XBO+SQRTISX]1e*24SXOx22)€6XJ)) /SXS
SY=(YBL+YBO+SQRT(SYL**2+4SYCP®2)xX(J})/8YS

SUMXL=GIJII*EXP (0. 9*X(J)}BXTJ)IS{ERF(O.5*W/SXS-SX}~FERF (=N 5%W/SXS~

1SX))ns]

SUNMYL=G(JI*EXP(=0,5*X(J)®X(J))ISERFIH/SYS=SYI-ERF(-5Y))*=]

SMSX=5M5X+SUMX1 e
SMSY=SMSY+SUMY ]

PKFB
TXsCXEXBLeSX1oX(J)/SXO
TY=CYsYBleSYLl¥X(4J)/5Y0
SUMCX=sSUMXL*{ERFICX*W/2,0-TX)=ERF{-CX*W/2.0-Tx)}
SUMCY=SUMYL*(ERFICY®H-TY)~ERF(-TY)) ®
SMEX=SMFX+SUMCX

T SMFY=SMFY+SUMCY

PKSB

SMSX1=8.0%SMSX/DSQHRT(THFI)

CHSYL=B.0%SMSY/DSURT(TUP I

PKSB=PKSB+FACI*(~PHK)®#[&SMSX14SNSY] »

PKFB
SMEXL=8.0%SMFX/DSQRT{TWPT)
SMFYLx8.0*SMFY/DSQRT{TWPI) .
8 PKFB=PKFB+FACI®(-PHK )**[3SNFX1¥SMFY]
END PKSB AND PKFB LOOP ]
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SOy ¢,

EFFECTIVENESS ValUues

PX - P{I) (AMSAA TM NO. 33 EQNS 4.9 AND 4.10)

€ - H{H) (AMSAA TM NO. 33 EQNS 4,09 4o3¢ AND 4,4)
PK=1.0-PX58¢PKFB
EHz{ERFI(0.5*W-XBL1)I/SXLI-ERF{{-Q.5*wW-XB1)/SX1) )& (ERF([H-YBL)/SYL) -
TERF(=YBL/SYL))elAN=1 . O)*(ERF{(Q 5*W-XBL=-XBO) /SQRT(SX1*92+5X5032+5X
LO**2))-tRFUE-0.5*W=-XB1-XBO}/SQRT(SX1®%2+5XS#02+3XQre2) ) ) (ERF((H-
LYBL-YBO)I/SQRI{SYLI®®2a5YSee24SY 0®2 ) )-ERF{(~-YBI-YDO)/S5QRT(SYI®824+5Y

1Se82+:5v0e%2)) )

CUTPUT DATA
WRITECS, IR Ny WoH PHK y XBLyYB1 4 SX1eSYL )y XBO,YBGsSXO,SYQsSXSeSYSEH,P

1K
9 FORMATLLH 4F9.0014,2F8e24TFS5.245F0.34Fb.41)

GQ 10 3
eND

FUNCT IO ERFIX)
NOHMAL DISTRIBUTION FUNCTION. SAME AS NUF AND FORAST N.D.F.

F20.
AX=ABS{X)

JFLAXLGELS5.2G0TO 3
Falll(1.5%1R3E-9%AX+ . 4RB06E-G}*AX+,I180026E-4)%AX

] +,0012776263)%AX4,02) 1410061 )2AX+,0498673469)%AX+1,.0
Fx ,5/((Feepjen?} .
IF(X.GE.O,)Fal.-F
ERF=F
RETURN
ENT
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5.2 Sgquad Muodel
1. Basic Deacription

The squad model 1s a Monte Carlo simulation of a weapon system engaging
an area target. The target configuration conslsts of a squsd of man randemly
distributed within a rectangular region (Figure 1). The model provides ‘or
the region to be tilted to simulate varfous terrain slopes {i.e., level,
rolling, hilly, mountalnous) and/or rotated to simulate various squad posi-
tions (i.e., line, column, oblique), The assumed technique of fire for any
weapon system congidered in the simulation is to range-in initfally and then
to sweep the rectangular reglon MS times,

The measures of affectiveness for the squad model are T, the expected
fraction of casualties for MS sweeps of the ractangular region, and E(H)
the expected number of Lits for MS sweeps of the ractangular ragion. As com-
putad by the model, T and E(H) include both the effectiveness due tu the
rounds fired Jduriag the ranging-in process and the effectiveness due to the
rounds fired during the sweep phase of the targat engagement.

2, Assumptions in Modeling

The basic model assumed in this squad model is the twe distribution
"shotgun' model which assumes that each round in a burst has the same prob-
abili{ty of hicting the target, Therefore, no provision is made for the
firgt round in a burst to be distributed separately from tha subsequent
rounds in the burst, This assumption is valid for weapon systems fired from
rigid mounts (i.e., tripod or vedestal mounts) and for low impulse (i.e.,

5.56mm as compared te 7,62mm or .50 cal) systemg fired from any mount. This
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model also assumes that each round in a burst 1is distributed as a bivariate X
)
normal with the horizontal (x) coordinate of each round distributed independ- &
ently from the vertical (y) coordinate.
The squad model, howaver, allows for several multiple projectile rounds .
(e.g.,, mulciple flechetta rounds) to be fired at the target. Therefore,
since the '"shotgun'" model evaluates effectiveness values for ona burst of
rvounds or one round with multiple projectiles fired at the target, a third ()
distribution had te be added te aceount for the extra multipls projectile
rounds in the burst. The three bivariate normal digtributions assumed in
the squad model are
a. Distributicn of the centers of i{mpact of the bursts about the actual °
aimpoinc.
b, Distribution of the projectiles in a round about their center of
impact. & ®
¢. Datribution of the centers of impact of the rounds about their
canter of impact.
Anoiher assumption in this modal 18 the assumed technique of fire, which a
-
ie t5 initlally range-in and then to repeatedly sweep the rectangular region
8 numbar of times, The ranging-in procedure ig as follows: The firer
estimates the range to some point (e.g., the center of the rectangular region).
This estimate iz assumed to be »
¢ % N, 2.1)
where ¢ = stundard daviation of the range estimation error {a percentage of »
range estimation error times the true range) and
NRNI = 4 normal random number.
43
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Wigh this procedure {t {3 possible for the firer to overestimate the range

to the cantar of the rectangular region as wall as to underestimate it. The

firaer then fires one multiple projectile gound (one burst of rounds if
firing a machire gun) at this estimated ringe and checks to sea 1f he has

ranced-in (assumed to be when the center of impact of tha projectiles has

landed within the rectangular region). It is assumed that the firer can saee

where the projectiles land. If he i3 not ranged-in, then the firer esti-

mates his miss distance (the distance from the center of impact of the

projectiles to the point in the reglon of which he is ranging-in), adjusts

his weapon to acgount for the miss distance and fires & second multiple pro-

jectile round (another burst of rounds if firing a machine gun). The esti-

mate of the miss distance ls determinad,in a similar manner to the estimate

of the range only uaing the miss distance instead of the range, 1:5.,

>

g x NRN, (2.2)

where ¢ = gtandard deviation of the miss distance {a percentage of range

estimation error times the miss disvance) and

NRN2 = a normal random number (NRN2 does not necessarily equal NRNl).

-
If the firer is not ranged-in with the second round (burst), he then estimates

his new miss distance, adjusts his weapon to account for this m.ss distance

and fires a third round (burst). This procedure is continued until the firer

has ranged-in or when a predetermined number of rounds (bursts) has baen
fired.
After completiocn of the ranging-in pracess the sweep phase of the target

engagement begins. In this phase the firer sweaps acress tha rectangular
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regicn a predetermined number of times. The assumed technique of swecping
is to fire, from the left of the rectangular region to the right, ong¢ burst
of rounds at each of a fixed, predetermined number of equally spaced aim-
points. These aimpoints are assumed to be located along & line parallel to
the canter line of the ractangular region and offset a distance from the
ranglng-in point approximately equal to the firer's last estimated miss dis-
tance (determined from the ranging-in phase). Therefora, it is possibla for
the line of aimpoints not to lie within the ractangular region. The location
of the first aimpoint from the left edge of the restangular region is given
as an input™into the program. However, with each sweep the firer {s allowed
some error in determining its location agﬁ.*‘o in tue ranging-in phase, this

error is assumed to be

PRE * NRN, * (2.3)

by
where PRE = percentage of range estimation error

NRN3 = a aormal random number

YAL = location of first aimpoint from the left edge of the

ractangular region (input into program).

Other assumpiilons used in this model are:

a. The rectangular region may be tilted to simulate various terrain
slopes (i.e., lavel, hilly, mountainous) and/cr rotated to simulate various
squad positions (i.e., line, column, oblique).

b. The muzzle of the gun may be positioned above the ground to simulate

4 weapon system mountad on a vehicle.
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c. The individual men are each represented by a right circular c¢ylinder
whose base 1s located on the ground nlane. By the unique properties of a
right circular cylinder any plane through the center of the cylinder, when
viewed frow a line perpendicular CQ-khe cylinder, will appear as a vertical
ractangle. When svaluating the hit probability of a weapon system, this
rlane for each target is projected back until it is perpendicular to the line
of sight of the firer. In this manner, regardless of the terrain slope, gun
height, etc. ecach man in the squad will appear to the firer as a vertical
rectangle with a height equal to the eylinder height and with a width equal
te the cylinder diamgtaer.

d. The individual men in the squad are unifermly distributed within the
rectangular region. The location of each man 18 determined at the start of
each replication and remains fixed throughout the replication (i{.e., the men
do not change locations as the firer sweeps the rectangular region). All the
men in the squad assume¢ the same position (i.e., prone, standing or crouching)
and never change position during the replication or from raplicaiion to
replicacion.

e. The provability of incapacitation given a random hit P(I/H) 1is
assumed the same for aeach projectile in a round and for each nan {n the squad.

f. The measure of effectiveness against any individual man is P(I},
the probability of incapacitating a point target.

g. Closed form trajectory approximations are incorporated in the model
to account for the balliscic characteristics (ballistic coefficlent, muzzle
velocity, drag data for the particular round, etc.) of the various founds

considered. These equations are of the following form:
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y = ¥ T *x tan o+T) x2+T3 41 X'4T, %’ (2.4)
where
Yo " height of muzzle of gun above the ground
(TL} = gat of coefficients (i=1, -+ ,5) ]
X = range
a = angle of fire
y = ordinate of trajectory at range x with an angle of fire a »
h. One replication of the Monte Carlo simulation consists of fixing the
locations of the men in the squad within th2 rectangular region, firing a
number of rounds (bursts) to range-in (and hence, to detsrmine the line of »
fire for the sweep phase), sweeping the region with bursts of rounds and )
finally calculating the fraction of the squad incapacitated and the expected
number of hita for that replication.
3. Basic Formulas [ ]
AMSAA Technical Mamorandum No. 33 presents a description of the selection
of target locations, the gecmetrzy used in the simulation and the equations
required for the simulation (e.g., to determine the locations of the men and »
aimpoints, 1n:erseécions of the traj)ectories with the target planes, pro-
juctions of the target planes, etc.).
A fourth coordinate sys‘*am has baen added to the basic geometry of AMSAA
T No. 32 and i3 described below[5]. ’
Assume the muzzle of the weapor, located at the poeint (o, Yoo o) 1is
pointed at soms point (xl. Yo zI) after the weapon has been zerced in.
s
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lhese two points determine the estimated lire-of-sight, the distance of
which, D, is Jdeternined by the equation

T B
. . 2172
D= oxp* (yl—yo) + zlJ (3.1)

The line-of-sight coordinate system is a right-handad rectangular co-~
ordinate sygt.m, one axis of which, the q axis, 1s coilncldent with the
line-of-sf{ght. The crigin of tha line-cf~-sight coordinate gystem 1a the

point (xl'yl‘zl)' The r and s axes of this coordinate system form a plane

perpendicular to the line-of-sight. 1In this plane the point (qa.ra,sa) is

selected, which represents the point the actual trajectery will pass through

(See Figure 2). This point ls determined by tha equations

qﬂ =0 (3.2)

r, - NRN; oay + ::RN2 Ucy ) (3.3)

s, = NRN o+ NRN 0 (3.4)
where NRN1 (i=1,2,3, *+*) are selected nornal random numbers such that
-4 < NRN1 X 4.

The point (qa.ra,sa) is located with respect to the firer at (xa.ya,za).
The coordinates of this point are
X, = cost cosy 9, - sint cosy LN siny s, + D cost cosy (3.5
y_ = sint q, + cost r_+ D sint + ¥y _ (3.6)
< - - o

z = costosiny q, - sint siny r, + cosy s, + D cost sing  (3.7)
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whera the angles 1 and § are angles cf rotation and elevation respectively,

distinguishing the line-of-sight coordinate system (q,7r,8) from the f{irer

coordinate system (x,y,z).

From Figure 2 it can be seen that

X = D cogt cosy (3.8)
yr * D sint + Yo (3.9
z; = L cogt siny (3.10

The coordinates of the point (xa,ya,za) can, therefore, be written as

X, = cost cosy q, - sint cosy ra - siny s, + Xp (3.11;
Ya " sint 9, + cosT T, + Y1 (3,12)
z, = coat giny q, - sint siny r, tcosys + z; (3.13)

where the angles 1t and ¢ are determined by

i 7 1.14
T = arctan ——————— 3 (3.14)
2 2,1/2
(x7 + 2z7)
and 2
y = arctan — (3.15)
*1

The line drawn from the origin of the firar coordinate system through
the projsction of the point (o,ra,sa) on tha xz-plane, (xa.o.za), is the u
axis of the trajectory coordinate zystem, The u axis can be consideved to
be rotated from the x arxis an angle yx, where
z

X = arctan ;3 (3.16)
‘a
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The point (xa'ya‘za) i3 located in the trajectory coordinate system at (ua,

v W where
arva)s

u, = cosg x_ + siny 2, G.17)
v, T Y, (3.18)
w, " -siny X, + cosx z = 0 (3.19)

Effectiveness values f and E{H) for the squad target ars determiped in the
following manner: f, expected fraction of casualtles as a fupction of numoer
of rounds per aimpoint and number of sweens per target engagement is cal-

culated by determining for each round fired the P(I), probability cf incap-

acitating a point target, for each individual man in the squad. Specifically,

f 1s calculated 1in the follcowing manner:

Let P(f)mjn be the probability of survival for the nth individual tar-
get after m sweeps of the target engagement if J zrounds are fired per
aimpoint.

_ m NA NP
P(I)mjn = kfl 121 12' (1-P(1/4) ;(H)klin) (.20)
* me= 1,.....,M8
3 ~=1,...,..,NRA
N "™ 1,.0.0.,NT
wvhere
P(I/H) = probability of incapacitation given a random hitr
P(H), ,, =~ probability of hitting the a? target (man) when the 10
round is fired at the lth almpoint during the klh sweep
NP = number of projectiles per round
NA = pnumber of aimpolnts per sweep
51
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o
MS = numbar of sweeps per target engagemant &ﬂt)
NKA » number of rounds fired per aimpoint
NT = number <f individual targets >
Aftar each sweep of the rentangular region these values of P(Y)mjn
are averaged over all individual targets tc give P(Y)m1 the averaga pro-
bability of gurvival after m sweeps of the rectangular region as a »
function of numbter of rounds fired par aimpoint, {.s.,
NT
I Pp(1)
———— min
- nel a2 ® ... ,MS
P(1 - * ! 3.21
( )mj NT 3=1,.....,NRA ( ) »
Values of P(T)mj ara calculated for each replication, converted to
incapacitation prcbebillities and then finally averaged over replication to ®
»
give ?ﬁj' the axpected fraction of casualties after m seweaps of the
reccaniular vegion when 31 rounds per burst are fired per aimpoint, 1.e,
NREP —
t . o(T m= L., M8 -
fmj I Q P(I)mj)/NREP §w 1,.u0.. NRA (3.22) )
NR=1
where NREP = numbar of replications used for the Monte Carlo simulation.
E(H)mj. the expected number of hits on the squad of men as a function
[}
of number of rounds per aimpoint and number of sweaps per target engagement,
is calculated in a similar way to ?;j' That is,
NREP m NA § 1}
E(H) ,= £ T I T [ NP *P(H) /NREP {3.23) J
®)  NRel kel 1=1 fel n=l klin
me 1,.....,M8
4= 1,..-..,NRA
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fmj

during the ranging-in nrocess and tu i< rounds fired during the sweep phase

and E(H)mj include the effactivenaess due both to the rounds fired

of the .arget engagemenz. For the ranging-in phase of the target engagement
those effectiveness values ara calculated in the same nanner as for the
sweep phase. However, during the ranging-in process valuas of P(T)mjn

and E(H)mJ are found for mel, j=1 and NA=thae maximum number of rounds al-

loved for ranging=in.
4, YNotation and Units of Input and Output
Table 1 presents the parameters required as input into the squad pro-
gram and the proper format statements for each parameter. The following
notation was used in presenting the format statements:
Aw - alrhanumeric £ield

Ew.d - real number with exponent

Fw,d - real nuber without exponent

Iw - integer number
whare
w - fi21d width
d - number of decimal placaes to the right of the decimal point

The trajectory card, which gives the ccefficients of the trajectory
equation for the rcund under evaluation, must be the first input card. All
cases ugae thaese coefficients and, hence, only one round is evaluated per
run of the program. Each case requires two input cards., It should be noted
that the maximum values of NI, NRA and MS given in Table 1l can be increased

imengion statements in the program.
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(L
T(2)
T(3)
T(4)

T(5)

NREP

NT

Mz

NRA

ANP

PRE

Y0

RW

RL

PH

£

atle 1 input Parameters o
/

r Szuad Progranm

() cardsicase and 1 trajectory cardy

Paraneter

Lnits

Trajectory Card

Cocfficienns of round's

trajecrory equition

Round identification

Card 1

Number of replications/target
engagement

Number of men in the squad (£100)

Maximum number of rounds allcwed
to range-in

Number of rounds/aim point ( 20;
Number of projectiles/round
Component of standard deviatlow of
range estimation error, ¢ (o0 = PRE

X range)

Height of muzzle of gun above
ground

Depth of rectangular region
Length of rectangular reglon
Angle theta (9)

angle phi (3)

Width of individual man

Height of individual wan

54

maters

meters

meters

rsdiana

meters

Columns

1-15
16-30
31-45
46-60
61-75

76-80

Format

E15.3
E15.3
E15.3
E15.3
E15.3

&5

15

L4

14
17.2

F7.2

F7.2

F7.2




Table 1 Input Parameters for Squad Program (Cont)
(2 cards/case and 1 trajectory card)

Symbol Parameter Lnits Columns Format
Card 2
MS Number of sweeps (<50) - 1-4 14
NA Number of aimpoints - 5-8 14
DA Distance between aimpoints meters 9-14 F6.2
AZ (a,y) coordinates of ranging-in meters 15-20 F6.2
G2 poiat (relative to center of meters 21-26 F6,2

Tectangular region)

GAl y coordinate of first aimpoint meters 27-32 ¥6.2
(relative to center of
tectangular region)

XR Range from weapon to center of meters 33-38 F6.2
rectangulacs region -

SAX %, mils 39-44 F6,2
X

SAY o, mils 45-50 F6.2

SCX c mils 51-56 ¥6,2
Cx

B8CY o mils 57-62 F6.2
y

SPX c mils 63-68 F6.2
Py

SPY g mils 69-74 F6.2
P.
7

PHK P(I/H) - 75-80 F6.2

55

«o@e a

e



An explanation of sume ol the parameters and procedures for obtalning
some of the parameters are given as follows:

For NRA rounds per burst and NP projectiles per round the horizontal
(x) and vertical (y) dispersions (standard deviations) for the threec distri-

butions required in the squad model are as follows:

(oa 9, ) - Total delivery error (standard deviation of the zenters
x of impac: of the NRA round bursts about the actual aim-
point, It should be ramembered that the locations of
the actual and thecretical aimpoints are both daterwmined
in the simulation and vary from sweep to sweep and from

replicarion to 1 slicaticn).

(cc »0_ ) - Round to round disparsion within a burst (standard devi-
x v stion of the centers of impact of tha NRA rounds in a
burst about their center of impact, 1.s., the center of

iwpact of the burst),

(ap »0, ) = Individual projectile dispersion within a round (standard
x deviation of the NP projectiles in a round about their

center of impruct, i.e., the center of impact‘cf the round).

Figure 3 is a diagram of these digspersions,

Values of SCX and SCY are obtalned from SPX and SPY respectively as

SCX w —2FX scy « SEY
VANP VANP

However, 1f the squad model 13 to ha used to evaluate the effactiveasss of &
machine gun engaging st «r2a tarzet then

1, NRA = 1 ({.a., one burat per aimpoint)

2. ANP = pumbar of rounds per burst

3. SCX = SCY = 0 mils {this dispersion exists only when more than one
rultiple projectile round is fired per aimpoint).
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Figure 4 is a Jiagran of the rectangular reglon as seen from a line
perpendicular to th‘e a,y piane. Included in Figure 4 are the a,y co-
crdLnace§ axes, 1 line of aimpoints and a location of the first aimpoint,
The number of aimpoints in each sweep {s generally assumed to be a function
ot the individual projectile dispersion, op , and range, 1.e., & procedure

X
for obtaining the maximum number of aimpoints allowed per sweep, MA, is

RL
NA = 77EER

where SPX 13 in metarvs.

This procedure allows for overlapping bursts of radiuys acp and hence,

X
marimum coverage of the length of the rectzngular area. It i3 not necessary
that the number of almpoints used in the squad program be MA. procedure

for obtaining DA, the distance bectween the aimpoints is

RL
DA = o NA < MA
and GAl, the coordinate of the first aimpoint is
~as - “RL DA
L T 2 T 2

8 1is the oblique angle of the rectangular region relative to the gun
and characterizes the position of the squad. For example, if 6 = 0° then
the squad >f men is a linear target while if 6 = 10° then the squad of

men {8 a linear target with depth,

$ 14 the slope of the rectangular region. For exampla, 1f ¢ = 0°

then the tarrain is flat, whila if ¢ = 10° the terrvain &5 hilly.
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Assuned values tfor the depth aand length of the rectangular region for
an assaulting enemy squad are 10M and 50M, respectivaely, ard for a defending
enemy squad, 20M and lCIYM, respectively.’ Values for the width and height
of the rectangular approximations of the individual men in the squal as a
function of the position of the men are given in Table 2.

Table 2 Dimenstons of Indiviqual Men
(Rectanzular Approximaticn)

Wideh Height
P
Pogition (1n.) (in.)
Standing 17,872 58.491
Knesling 13.500 33.874
Prone 26.000 13,887

The output for the squad program includes many of the input parameters,
and the average aeffectivaness values, f snd E(H), as a function of number of
rounds per aimpoint and number of swaeps per target engagement. These values
include the effectiveness due to the ranging=-in process. Also given are the
average number of rounds (bursts 1f evaluating a machina gun) required iv

range-in and T and E(H) for the ranging-in process.

5. Numerical Example

Two sample csses were run using the gquad program. For this example it
vas assumed that a vehicle mounted machine gun firing 6 round bursts was
engaging an assaulting enemy squad of 10 men at each of two ranges., The

:ad was assgumed o ha a linsar rarcer noaitionad on flat terrain. Tabla
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3 presents the .nput parametars for the two cases and Table & presents these

input parameters as they app2ared on the input cards for the program., Table

5 presents the sample output for the numerical exampla.

These two sanple cases werz run on Ballistic Research Laberatory's

BRLESu computar. Total running time was 6.52 mlautes while the comnilin-

time was .46 minutes. The wmemory required was 10K.
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Tabie 3 Input Pavameters tor Numerfcal Example of Squad Program

Pavuneter

Coetfictents ot rounds
Trajegturly equation

Round i1dentitication

No. ot replicaticns

No, ot men in squad

Max. no ol rangiug-in rounds

Nu. of rounds/aimpoint

No. of projectiles/round

Component of standard deviastion of
range ostimation error

Muzzle height

Depth of rtectangular region

Length of rectanpular region

Angle

Angle 3

Wideh of man

Height of man

No, of sweeps

No. of ailmpoinzs

Distance between almpoints

@ coordinate of ranging-in point

y coordinate of ranging-in point

Y coordinate of first aimpoing

Range

td

b
P(I/H) at 50m
P(I/H) at LlJ0m

62
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Assumed Values

- 42111926E~2
- .65393505E~5
- .275883514Z-8
0.0E0

- .62596806E-15

(x

i

L



4): e (V| 0°1t Qv usQ gt 01 001 €€°€l~ 0°0 0*C fEe*g <1 OV

196° S0%° ou* (170 n*as 001 5*7 s7° a*9 t 5 o1 0%
19 0 0°*1 g1 0°0 0°0 c"1 0°1 *0¢% ££*eZ- 2°0 0*0 fge*e st 01
198° 1.2 D 0Q* 919 0705 3°01 s°¢ CT 09 1 S o1 0¢
< 1-390896¢C7°° - v 30°0 -39 IGHEGCIZ - €=350660E6%° - Z2-39261T12%°~

neadoxg penbs jo aydzexy [edjaawny 103 jnduy Idues 4 I[qEL

63

vy




e
®
¥ Table 5 Sample Output for Numerical Example of
! Squad Program
._-__7; .
NUMHBER (F MEN IN SQUAD = 1O
WIDTH IF “MAN = 14 HEIGHY OF MAN = O.861M
WIPTH ) REGLON = 10400M LENGTH OF REGIUN = S0-00M
' SUUAD FORATION = 0.0 RAD TERRAIN SLUPE = 0,0 RAD
MuUZlLt HEIGHT = 2.500M [
NIJMBER OF REPLICATIONS = 50
HURTZ DELIVIRY ERKNR = 1.00MILS VERT DELIVERY ERROR = 1.00MILS
HOREIZ PROY DISPERSION = 1.00MILS VERT PRCJ OISPERSIUN = 1-00MILS
(]
»
QANGING=IN PHASH
9 ; NUMBER OF BURSTS xbJUIRED = 1.38 E(HY = 0.60 FBAR = 0,008
SHEED DHASE
[
RANGE PLI/H]) NO OF N0 RDS/ NO PROJ/ NOQ OF E{H} FBAW ’
(M) AiM PTS AlM PT RUOUMNLD SWEEPS
50. 0.830 | 1 be 1 5.36 D.127
%0 0.830 15 1 be 2 9.94 0.212
f 50 . 0.830 15 1 be 3 13.47 0.261
0. 0.830 15 i 6o & 18.62 0.340 »
50, 0.830 13 1 -X3 5 22.91 0.397 )
50 0.8130 1% 1 b 6 26. 84 0434
504 0.830 i3 H .33 ? 31.15 Qo6
50, 0.830 i5 i b 8 35.35 0.2D5
5C. 0.830 1 1 be 9 40,04 0.525
{ 50 0.830 1'7 l 6. 10 ‘0‘0.‘08 00556
[ ]
¢
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Tabla 5 Sample Output for Numerical Example of
Squad Program (Cont)

)
R, 5
NUMBER OF MEN [N SQUAD = L0
WIOTH OF MAN = 0,495K HETGHT OF MAN = 0.4861M
wWIOTH NF RUSGIIN = 10.00Mm LENGTH DF RFGION = »0.00#
SUUAD FORMATION = 0.0 RAD TERRAIN S$10PE = 0.0 RAU
MUZZLE HEIGHY = 2.%00M
NUMBER (OF REMLICATIUNS = 50
HORSZ DECIVLRY ERRNR = 1.O0MILS VERT OFLIVERY FRRQOR = 1.00M1LS
SORILE PROJ DISPERSTIUN = 1.00MILS VERT PRUJ DISPERSIUN = 1.00MILS
RANGING=-IN PHASE
NUMBER OF BURSTS REQUIRED = 2.60 L(H) = 0.%6 FRAR = N,013
@
SWEEP PHASE

RANGE B{Ll/H) Nt oY 40 ROS/ NO PRUOJ/ NO OF t(H) FBAK
(M) alM PTS AlM P ROVUD SWEERS

100, 0,000 19 1 ba i .32 D.lb%
100. 0.800 15 1 6. 2 Qa37 (l.266
100. 0.800 i i be 3 13.83 04380
100. 0.800 1% 1 [ % 18,71 0.4006
100, Q.800 15 1 .38 S 22.60 0.536
100, 0.800 1% 1 [ 6 25.95 N«%T5
100, 0.800 19 1 b 1 29.69% 0.6C9
100, 0.800 1% i 6. 8 36,09 0.657
100. 0.R00 1o 1 6o 9 38.53 0.5637
100, 0.8500 19 1 6o 10 42.66 0.721
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$J0B FLMG MODELS® XP229,TINE=4B0

®

SY-TNiPO-7Q 542 SQUAD MODEL QCT,-70

THE SQO MODEL IS A MONTE Taxi® SIMULATEION OF A WPN SYSTEM ENGAGING
A SQUAD OF MEN RANDOMLY OISTRIBUTED WITHIN A RECTANGULAR REGEION.
MEASURES OF EFFECTIVENESS ARE FBAR, THE EXPECTED FRACTION COF
CASUALTIES AFTER MS SWEEPS OF THE RECT REGIONy AND EfH), THE
EXPECTED NO OF HITS PER TGT ENGAGEMENT AFTER M3 SwEEPS OF THE
RECTANGULAR REGION, »
ASSUMPTIONS -
A THREE DISTRIBUTION SHOTGUN MODEL (REF — AMSAA TM NC 33)
EACH PROJECTILE IN A ROUND (EACH ROUND IN A BURSY IF
MACHINE GUN FIRE) HAS THE SAME PROBAB OF HITTING TGT
EACH ROUND IN A BURST HAS BIVARIATE NORMAL CISTRIBUTION
HORIZONTAL (X) AND VERTICAL (Y) COORDINATES OF EACH
ROUND ARE OISTRIBUTED INDEPENDENTLY p
INDIVIDUAL MEN IN SQUAD ARE REPRESENTED B8Y RIGHT CIRCULAR
CYLINDERS AND ARE UNIFORALY OISTRIBUTED WITHIN THE
RECTANGULAR REGION
TECHNIQUE OF FIRE IS TO RANGE~IN INITIALLY AND THEN TO
REPEATEDLY SWEEP THE RECTANGULAR REGION
MEASURE OF EFFECTIVENESS AGAINST ANY INDIVIDUAL MAN IS
Pl1)y, THE PROBABILITY OF INCAPACITATING A RECT PT TGT »
USES CLOSED-FORM TRAJECTORY APPPROXIMAYIONS

Ge

OO0 OANO0O D000

DIMENSION AT(1001,4GT(100),Y[(S),EHL{20),P(2C,100),TEH{20,50)
OIMENSION TFBAR{20,50C)

C INPUT DATA » o
READ(S L3(T(1),InksS)p¥W

FCRMAT(5E15.34A5)

READ(Sy 3INREP ¢NT ¢ MZoNRAGANP PRE YO RHIRL » TH o PH o WM HN

FORMATIIS,314,0F7.20

READ(54%)MS ¢NAyDAAZ s GZyGALy XHo SAXy SAY o SC Ko STYpSPX,SPY ¢ PHX
FORMAT(214,12F6.2)

w N -

-
S

1=0
ERL=0.0
€HI=0.0
FRARZ=0.0
RN=NREP
P TN=NTY
D0 5 M=]l NS B
00 S J=l.NRA
TEN(JIeM)20,0

venani a2
TroARI S, M0 0

STHaSIN{TH)
CTHaCOS(TH}
q SPH=S IN[PH)
CPH=COS(PH) »

W

c Y = CODRDINATE OF CENTER QF RECTANGULAR REG ON
YR=0.5%RWASPH

¢ c NUMBER OF REPLICATIONS (FOR KONTE CARLO) LOQOP
DO 28 MR=)¢NREP »
$P250.0
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aon

[aXalal

800

LODE — i — .
IZ = 1 RANGING-IN PROCESS
IT = 2 CENTER OF IMPACT OF ROUND (BURST FOR MACHINE GUN)
LANDED IN FRONT OF RECTANGULAR REGION =~ (RAKGING~
IN PROCESS )
L = 3 SWEEP PHASE
1Z=]

COORDINATES OF THE RANGING~IN POINT RELATIVE TO THE CENTER OF THE
RECTANGULAR REGION {NOTE - BA = 0.0)

AA=AL

GA=Gl

LL=M2

V ~ COORDINATE OF POINT GUN SIGHTS ARE SET ON -~ AMSAA TM NO. 33
EQNS T.5 AND 7.9
VIiaYReAZ®SPH

(XoYy2) COORDINATES OF THE RANGING-IN POINT - AMSAA TM NO. 23
EQNS T4 - Tob

XI=XR¢AZ*CTHSCPH*GZ*STH

YIaYR4+AZ*SPH

LL=n-AL*STHOCPH*GL*CTH

CALL NRAN3L(TN1,VH2,1)

RANGE ESTIMATION ERROR - TEXT EQN 2.1
QA=PRE®SQRT(XL*R24(VZ-VO)*e=2+22482 )% TN}

LOOP TO OETERMINE COORDINATES OF CENTER BASE OF MEN
00 800 N=1,NT

COCROINATES Of CENTER CASE OF MEN RELATVIVE TO THE CENTER OF
THE RECTANGULAR REGION (NOTE - BTI(N) = 0.0) ~ AMSAR TM NC. 33
EQNS 7.1 AND 7.2

ATIN)s (URAN31( )-S5 )" (RW-WM)

GT(N)={URANIL(E)=oS)0(RL-WM}

D0 7 J=1.NRA
EH(J)=0.0

P(JeNI=1.0

JKaN-]

IF{JK.EQ.Q} GO TO 800

LOOP TO CHECK THAT MO TWO MEN OCCUPY THE SAME SPACE - AMSAA TM NO
33, SAN 7.3

00 8 K=1lcJK

IF(SQRT{(ATVK)-AT(K) )ISS2¢({GT(N)-GTIKI)*22) ,LT.WMiGOTO 6

CONTINUVE

CONTINUE

END CHECK LOOP
END COORDINATES OF MEN LODP

NB=1
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9

NUMBER OF SWEEPS LAGP
00 28 Mal,MS

NUMBER OF AIMPOINTS LOOP
LL = MZ FOR RANGING-IN PROCESS
LL = NA FOR SWEEF PHASE i

00 23 t=l,iL

(XeYsl) COORDINATES OF THEORETICAL AIMPOINT - AMSAA (M NO. 33
EQNS T.4 = Tcb

X12aXR+AA*CTHeCPH+GASSTH

YizYReAABSPH

Lin-AA*STHRCPHeGASCIR

ANGLE CHI ~ FOR THE LTH AIMPOINT BETWEEN THE U(L) AND X AXES
AMSAA TM NO. 33 EQN 7.7

CHI=ATAN{ZI/X!)

SCI=SIN(CKI)

CCI=COS(CHIT}Y

ANGLE TAU ~ BETWEEN LINE OF SIGHT (LINE FROM GUN TO THE LTH AlN-
POINT AND HORIZONTAL PLANE - TEXVT EQN 2.14
TA=ATANL(YI-YO)/SQRT(XI%*s2+[]%232]))

STA=SIN(TA)

CTA=COS(TA)

CONVERSION COF SIGMAS FROM MILS TO METERS
CVMsSQRY (X [**2+(YI~-YQ)852¢2]%%2)/1018.59
IF(IZ.EQ.LMCVYM=CVN+QA/1018.59
SXAsSAX*CVM

SYA=SAYS(VM

SYC=SCY*CVM

IF{12.EQ.3!GDT0 10
RANGING-IN PROCESS ONLY

TU - COCRDINATE OF POINT GUN SIGHTS ARE SET ON (NGTEL - VI DETER-
MINED BETYWEEN STATEMENTS 5 AND &¢ WI=0,0, NOTEZ - OIFFERENT FROM
THEORETICAL AIMPOINY BECAUSE DOF THE RANGE ESTIMATION ERROR)

Ul=(XTI+QASCCI* VA)*CCT#(ZT+QASSCI*CTA)*SCI

(XeYeZ} CQORLC.NATES OF POINTV ON ®WHICH GUN SIGHTS ARE SET
Xi=ul=CCl

vi=vi
Zi=ulescCl

REVISED VALUE OF ANGLE TAU BASED OR AIMPDINT (XI,YI,21) - EQN 3.14
TA=ATAN((YI-YO)/SQRT(XIs%2¢21¢%2))

STA=SIN(Tal

CYA=COS{TA)

QA=0.0
END RANGING-IN PROCESS ONLY

10 CALL NRAN3L1{RN1,RH2s1}

NUMBER OF ROUNDS PER BURST LOOP 68
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12

13

00 19 MM=],NB
CALL NRAN3L1{(SN1l¢SN2.1)

(Rs5) COORDINATES OF POINT THROUGH WHICH THE CENTER OF [MPACT OF
THE MMTH ROUND (BURST IFf FIRING A MACHINE GUN)} PASSES (NOTL ~
QA=0,0) EQNS 3,2 - 3.4

RA=SYASRN]L+SYCOSN]

SA=IXASRNZ2#SKC*SN2

{XeYy2Z) COORDINATES OF PDINT THROUGH WHICH THE CENTER OF IMPACT OF
THE MMTH ROUND IBURST) PASSES ~ TEXY EQNS 3.11 - 3.13

XA=X1+QASCCICCTA-RAMCCI®STA-SA®SCH

YAxY[+QA#STA¢RASCTA

ZA=Z1+QA*SCI*CTA-RA*SCI®STA+SASCC!

ANGLE CHA - BETWEEN THE LINE FROM THE ORIGIN IN THE (X,Y,2})
COGROINATE SYSTEM TO YHE PROJECTION OF (QARA,SA} IN THE
(XeIV PLANE AND THE X-AXIS - TEXT EQN 3,16

CHAsATAN(ZA/XA)

SCA=S IN{CHA)

CCAaCOS(CHA)

(U,V) COORDINATES OF POINT THROUGH WHICH THE CENTER OF IMPACT CF
THE MMTH ROUND (BURST) PASSES (NOTE - wA = 0.0) -~ EQNS 3.17-.1¢

UA=XA®CCA+ZA*SCA

VA=YA

OIRECTION NUMBERS - AMSAA TM NO. 33 EQNS 7.20 - T.22
As=(CPHS®2+ (CTHESPHESCASSTHRSPHACCA ) us2)
B=CPHS{~CTH*SPHECLA+STHaSPH®SCA)
Co(—CTMH*SPHACCR4ISTHESPHESCA)*(CTHeSPH*SCA+STH*SPH*CCA)

IF{1Z2.EQ.3)6QT0D 13
RANGING—IN PROCESS ONLY

DIRECTION NUMBERS FOR THE CENTER LINE QF EACH CYCLINDER -
AMSAA THM NO, 22 EQNS 7,17 - 27,19

ALS~CTHESPHECLA+STHESPH®SCA

AM=CPH

AN=CTH®SPHESCA+STHOSPHSCCA

DGn~{ ALEXRHCCACAHRSYR-ANSXR®SCA)
GO TO 12

121=2

AL=0.0

AM=1,0

0G=-YR

(UByVB,O) IS YHE POINT OF INTERSECTION IN THE (U,V,W) COOJRDINATE
T

SYSTEW OF THE TRAJECTORY PLANE PASSING THROUGH fUA,VYA,0) AND

VW WNTIY Twm g e RN I

urc
the

PLANE THE RECTANGULAR REGION LIES IN
CALL ATRAJIUA UAy VA, TyAL,AN,DG,Y0O,UB,VB)

CHECK [F CENTER OGF IMPACT OF THE MMTH ROUND (BURST) LANDS IN FRONTY
OF RECTANGULAR REGION

IFiVB.LT.-0.012607T0 11

END RANGING=EH PROCESS ONLY

NUMBER OF TARGEYS Loup
OO 19 N=] NT 69
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14

15

| ¥

UC=0.0
¥C=20.0
KC=0,.0
CL=0.0
CM=0 .0
CN=0.0
8T=0.0
00 16 JJ=],2

tu,vew) COORDIMATES OF THE CENTER BASE AND CENTVER TOP OF THE NTH
CYLINDER = EQNS 7.11 - 7.13 AND 7.26 - 7.28

JJ = 1 CENTER BASE

JJ = 2 CENTER T0OP
UT2(XR+AT(N)OICTH®*CPH-BTOCTHESPH+GTIN)*STH)*CCA+
LU-AT(N)SSTHSCPHADTOSTHRSPHeGT(N}*CTHY®SCA
VIisYREATIN)SSPHeRT*(PH
WTa-(XReATIN)SCTH*CPH=-BYSCTHRSPHIGT(NI®STH) #SCA
LE-AT(N)SSTHSCPHeBT*STHESPHAGT(NI*®CTH)SCCA

GOTO(14,15),J44

DTa-{AsUT+BaVT +CeWT)
(UP¢VP,0) IS THE POINT OF INTERSECTION IN THE {U,V.W! COORDINATE
SYSTEM OF THE TRAJECTORY PLANE PASSING THROUGH {UA,VA,0)
AND THE YARGET PLANE THROUGH THE NTH TARGET
CALLATRAJ(UT UA,VA,T,AsB,DT,Y0,UP,VP)
CONVERSION OF SIGMAS FROM MILS TO METERS
CVR=SQRT(UP#$2+(VP-Y01%%2}/1018.59
SXP=SPXBCVM
SYP=SPYSCVM
CHECK IF CENTER OF IMPACY OF ROUND (BURST) IS GREATER THAN
4%SPX FROM THE NTH TARGET. IF YES THEN ASSUME SURVIVAL
PROBABILITY FOR THE MNTH TARGET [§ 1.0
OMAX=& O#SPX4SORT(LITHS24(VTI-Y0I#22)£1018.59
IF(ABS({WT)=WM/2.0.GT.OMAX)IGGTO 17
DS=-(UP®#2+VPE(VP-Y0})

TTUsV) ARE THE COGRDINATES IN THE (U,V,W) COORDINATE SYSTEM GF THE
CENTER BASE AND CENTER YOP OF THE /. TH CYLINDER (MAN} PROJECTEQ
INTO THE PLANE PERPENDICULAR TO THE LINE OF SIGHT

JJ = 1 CENTER BASE
JJ = 2 CENTER TOP
CALL ATRAJIUT,UT,VT,ToyUP(VP=Y0,05,Y0:U,V)
UC=uC+,.5%y
VCaWle 58V
WCaHC+,5#NT
CL==-CLeu
CHx=CN+V
CN=-CN*NT
BTzHH

END OF NUMBER OF YARGETYS LOOP

PROJECTED HEIGHT OF THE NTH TARGET - AMSAA TM ND. 33 EQN 7.30
HPR=SQRT(CLBS 24 HeE24CNeR2)
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17

18

12

20

21

22

OFFSET OF (UP,VP,0) FROM PROJECTED CENTER {UC,VC,WC) OF THE NTH

TARGET - AMSAA TM NC. 33 EQNS T7.31 AND 7.32
YBARs{CL®(UP=UC)+CM&({ VP~V )I-CN*KWC) /HPHM
KUAR=SQRT{(UC-UP } 6024 (VC-VP)#224NC#$2-YBARSS2)
IF{WC,GT,.0,0)XBAR>~XBAR

PLH) - PROBABILITY OF HITTING THE NTH TARGET
Hu (ERF{( SSWM=XBAR}/SXP)-ERF{{-,30uM-XBAR)/SXP))*
LIERF({ 5S*HPM-YBAR)/SYP)-ERF((-.S¢HPM-YBAR)/SYP))

SURVIVAL PROBABILITY FOR THE NTH TARGET - TEXT EQN 3.20
SP={1,0-PHK*H)**ANP

GO TO 18 .
SPal.0

H=0,0

DO 19 J=HM,NRA

SURVIVAL PROBABILITY AND EXPECTED NUMBER OF HITS FOR EACH
COMBINAT ION OF NUMBER OF ROUNDS PER AIMPOINT AND TARGET
TEXT EQNS 3.20 AND 3.23

EH{JI=EH(J) ) +ANPE®H

PLIsNI=PLIyN)ESP

END OF NUMBER OF ROUNDS PER BURST LOOP

GOTO0(20.21,22),12
RANGING-IN PROCESS ONLY

COOROINATES RELATIVE TO CENTVER OF RECTANGULAR REGION QF THE
POINT OF INTERSECTICN GF THE TRAJECTORY AND THE PLANE IN

WHICH THE HREGION LIES
AB={UBSCTHSCCA-UBYSTH®SCA-XR*CTH)SCPH+SPH&(VB=-YR]
GBasUB*STHYCCA+UB*CTH*SCA~XR*STH

CHECK IF CENTER OF IMPACT OF ROUND (BURST) LIES WITHIN
RECTANGULAR REGION (CRITERION FOR RANGING-IN PROCESS)
IF{-RW/2.0.LEAB.AND.ABLLE.RW/2.0ANDs-RL/2.0.LE.GB
1.AND,GB.LE.RL/2.01GOTD 24

(Xe¥y2) COORDINATES OF THE POINT OF INTERSECTION OF THKE TRAJECTORY

AND THE PLANE IN WHICH THE REGION LIES
XB=UB*CCA
YBavB
T8=uB*SCA

CALL NRAN3IL{TN]l,TN2¢1)

ESTIMATE OF MISS DISTANCE C(DISTANCE FROM RANGING-IN POINT TG
WHERE CENTER OF IMPACT OF ROUND {(BURST) LANDED) - TEXT EQN 2.2

QA=PRESSQRT((XZ-XBi*%2+(YI~YB)##22{I2-2ZB)*42)%TN]

il=}
G0 T0 23
ENDQ RANGING-IN PROCESS ONLY

COOROINATE OF AIMPOINT {(L+1) RELATIVE TO CENTER QF RECTANGULAR
REGION (NOTE ~ AA DETERMINED DURING RANGING-IN PRUCESS (BETWEEN

STATEMENTS 24 AND 25), €A = 0.0)
GA=GA+DA n
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CONT INUE
END OF NUMBER OF AIMPOINTS LOOP

1IF(12.€Q.3)GOT0 26
RANGING-IN PROCESS ONLY
LsbL~1

12=3

LL=NA

(UZ,v2,0) S THE POINTY OF INTERSECTION IN THE (U,V,%) COQRDINATE
SYSTEM DOF THE TRAJECTORY PLANE PASSING THRQUGH (UE,VI,0)
AND THE PLANE THE RECTANGULAR REGION LZES IN (NOYE - USED
TO DETERMINE LINE OF AINPQINTS)

CALL ATRAJ{UI UL yVIgT4ALoAN,0G,YO,UZ,V2)

CCOURDINATE OF FIRST AIMPOINT RELATIVE TO CENTER OF RECTANGULAR
REGION (NOTE - BA=0.0) - TEXT EQN 2.3

AAS (UZSCTHICCA-UZESTHeSCA-XRUCTH)ISCPH+SPHE(VI-YR}

GA=GAl+PRE®TN2#ABS(GAL}

NUMBER OF ROUNDS (BURSTS) REQUIRED TQO RANGE-IN
ERZ=ERZ*FLOAT(L)/RN

QA=0.0
DO 25 N=1oNT

EFFECTIVENESS VALUES FGR RANGING-IN PROCESS
SPZ - SURVIVAL PROBABILITY (TEXT EQN 3.21)
EHZ - E(H) (TEXT EQFM 3.23)
FBARY -~ FBAR (TEXT EQN 3.22)
SPI=SPL+P(1,N)/TN
EHI=EHZ+EH(1)/RN
FBARI=FBARZ+(1.0-SPZ)/RN

NB=NRA
GO To 9 #
END RANGING-IN PROCESS ONLY

CALL NRAN3IL(TNL,TN2,1)

CODRDINATE OF FIRST AIMPOINT FOR SWEEPS 2 TO NS RELATIVE TO
CENTER OF RECTANGULAR REGION (NOTYE - AA DEVERMINED
DURING RANGING-IN PROCESS (BETWEEN STATEMEMTS 24 AND 25),
8A=0.0)

GA=GAL+PRE®TN2%ABS(GAL)

D0 2B J=1,NRA
$PS=0.0
00 27 N=]4NT

EFFECTIVENESS VALUES FOR SHWEEP PHASE (NOTE - INCLUDES EFFECTIVE-
NESS DUE TO ROUNDS FIRED DURING THE RANGING-IN PROCESS)
SPS - SURVIVAL PROBABILITY (TEXT EQN 3.21)
TEH(JyM) - E{H) (TEXT EQN 3.23)
TFBAR(JsM) - FBAR (TEXT EQN 3.22)
SPSaSPS+PIJINI/TN
TEH{ Do M)YsTEH(JoMI+EH(JI/RN
TFEAR(J,M)=TFBAR(S,M}+({1.0-5PS) /RN
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29
30
al
32

33

34

35
36
37
38

39

40

4l

42

43

44

9
46

&7

i ———

END NUMBER OF SWEEPS LOOP
END OF NUMBER OF REPLICATIONS LOCP

QUTPUT DATA
WRITE(L,29)W
FORMATILH ,37X4AS5)
WRITE(&,430)
FORMAY ( LHO)
MRITE(GILINT
FORMAT(LH ,25Xs24HNUMBER OF MEN IN SQUAD =,1¢)
WRITE(4,32)WM,HM
FORMAT (LM 16X, L4HWIOTH GF MAN wgFboIelHM 5,
115FHEIGHT OF MAM =,F&,.3,1HM)
WRITE(G6,II)IRW,RL
FORMAT(LH +12Xs LTHWIDTH OF REGION Ty FTeZsLHM5X,
118HLENGTH OF REGION =¢F7.2,1HM)
WRITE(&,34)THPH
FORMAT (1M 10X+ 17HSQUAD FORMATION u,FT.3,3HRAD 55X,
115HTERRAIN SLOPE =4FT7.3y3HRAD)
WRITE{6,351Y0
FORMAT (10 428X 1SHHUZZLE HEIGHT =, FT.3, 1HN)
WRITE( 6, 3G INREP
FORMAT(1H 25Xy 24HNUMBER OF REPLICATIONS =415}
WRITE(6,437)
FORMATLLINH )
WRITE(6,38)SAX.SAY
FORMAT(LH ,5X,22HHORIZ DELIVERY ERROR =,Fbh.2+4HMILS,
15X, 21HVERT DELIVERY ERROR 2,F6e2s4HMILS)
WRITE(6¢39)SPX,SPY
FORMAT(LH ,4X,23HHORIZ PROJ DISPERSION =,Fb.2,4HRILS,
15X, 22HVERY PROJ DISPERSION 3eF b 20 4HMILS)
WRITE(6,30)
WRITE(6,30)
WRITE({6+40)
FORKAT(1H +31Xs 16HRANG ING-IN PHASE
WRITE(6,30)
WRITELC 4L )VERZ EHT,FBARL
FORMAT [ 1H +5X,2THNUMIER OF BURSTS REQUIRED =,Fé&6.2,
16X 6HE(R) =oFba2y6X; GHFBAR =yFb,3)
WRITE{®,:30)
WRITE(6,30)
WRITE(E,42)
FORMAT {IH 34X, 11HSWEEP PHASE)
WRITE(6,30)
WRITE(6,43)
FORMAT(1H 44X, 7T2HRANGE P{I/H) NO OF NOC RDS/
10 OF E(H) FBAR!}
WRITE(H &%)
FORMAT{1H 15X 53H{N) AlM PTS AlM PT
1EEPS)
WRITE(6,30)
DO 46 J=1,NRA
00 46 M=l NS
HR!tE(b.«S)XR.PMK-NA.J-ANPo".TEH(J.H),fFBAR(J.H)

FORMAT(1H .BX.FS.O'BX.F6a3,4X.14.7X.l}.bX.FS.O.bX'I3.4X.F7.2.3X,

1FT.3}

CONTIRNUE

WRITELL44T)

FORMAT {1H1) 73
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GO0 2
END

FUNCTION URANJLIIT)
(FL1110,11,.10

I=11111111

Jsl

JrJe25
J=J-(J/6T108864)%67108864
Jm )*25
J=J-(J/671008864)*6T108864
JeJts
JsJ)-13/67108864)%671080804
Alsl

I=J

URAN31=AL/67108864,
RETURN

END

SUBROUT INE NRAN3LIX1,X2s1)
X33SQRT(~2,0*ALOGIURAN3LI(1}))
X6#b6,2831653072%URANILLT)
XZaX3®SIN(X&)

X1=2X32COS(X4)

RETURN

END

FUNCVTION ERF. X}
NORMAL DISTRIBUTION FUNCTION. SAME AS NDF AND FORAST N.D.F.

F=0.
Ax=ABS (X}
IF{AX.GE.5.)GOTD 3

Ex({{(l.23B3E-5%AK+.488900E-415AX+.38003560-40%aX

1 +.0032776263)8AX+,02114100611%AX+4.0498673469)%AX+1.0

Fe.5/1(Feeg)ae2)
IF{X.GE.O)F=)o-F
ERF=F

RETUAN

END

SUBROUT INE ATRAJIEoMsVoToAA,BB2CCoYO,0DEE)
ATRAJ SUBROUTINE USES NEWTON ITERATION FORMULA TO SOLVE
FOR THE INTERSCCTION OF THE TRAJECTORY AND A L. INE WHERE THE
LINE IS THE INTERSECTICN OF THE TRAJECTORY PLANE AND SOME OTHER
PLANE
INPUT UATA
€ - INITIAL GUESS OF RANGE
WeV - THE RANGE AND ORDINATE VALUES RESPECTIVELY, OF A
POINT ON THE TRAJECTORY
T - ARRAY OF COEFFICIENTS OF ROUND'S TRAJECTORY FQUATICN
AA,BB — THE DIRECTION NUMBERS OF SOME OTHER PLANE
CC - A CONSTANT
YO - MUZILE HEIGHT
QUTPUT DATA
CO,EE - YHE RANGE AND URDINATE VALUES RESPECTIVELY, CF
THE TRAJECTORY AND THE LINE
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TRAJECTORY AND THE L INE

OIMENSION T(95)
Xag

ANGLE OF FIRE - TEXT EQN 2.4
TANSAV-YO~T (L) )/M-We(TL2)oM(TIINeM(T(M)eW2T(S))))

FUNLTION
FaBBX(YQeT L IOXB(TANSXS(T(2)eX*(T(I)+XO(T(4)+XeT(5))))))vAARX+CC

FIRST DERIVATIVE QOF FUNCTION
FraBRe(TANSX®(2,0%T{2ieX8{3.08T(3)4X*(4,06TIL)I+X85,00T(51))))¢AA

SECOND DERIVATIVE OF FUNCTION
FFFuBB*(2,08T{ 2 4X0{ 6. 00T{3)eXI(12.0%T(4)+X*20,0*T(S5))})

XXxX

NEWTON FORMULA
XsX~{F/FFI®(1.0+F&FFF/(2,04FF%22)}

CRITERION FOR DETERMINING ZERD OF FUNCTION
1F(ABS (X=XX)1,GT.0,01)G0TO 1

RANGE (ZERQ OF FUNCTION)
00=X

ORDINATE - TEXT EQN 2.4
EESYORTLL)eXO(TANSXSLT{2)4X3(T{A)aXe(T{4)eXoTI5)) 1))

RETURN
END
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5.3 Bunkar Model

1. Basic Description

The bunker model is a Monte Carlo simulation of a weapon system engaging

the aperture of a bunker. The modal provides for the bunker to be positioned

any flace with respect to tha center of a rectangular region and for the
region to be tilted to simulate the position of the bunker on various terrain

slopes (i{.e., lavel, rolling, hilly, mountainous) and/or rotated to simulate

various positions of the bunker relative to the firer. The sssumed technique

of fire for any weapon system considered in the simulation is to range-in

inictially and then to sweep across a designated area MS times.

The measures of effactiveness for the bunker model are P{l+), the prob-
abilicty of at least one hit within the aperture of a bunker after M5 sweeps
and E(H) , the expectad number of hits within the aperture of a bunker after
MS swveeps. As computed by the model, P(l+) and E(H) 4include both the
effactiveness due to the rounds fired during the ranging-in process and the

cffactiveness due to the rounds fired during the sweep phase of the
engagement,

2. Assumptions in Modaling

Tha mathamatical model assumed in tha bunker model 1is a modified version

of the squad model. Therefore, all assumptions made in the squad modal ara

made {n ths bunker mydel with the following excaeptions:

a. There is only ope target ({.4., the bunker} and it cocrscponde to
one cf the individual men in the squad model,
76
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b. The location of the center base vf the turget with respect to the
centes of the reclungular reglon 1s an input intu the program, There 1s no
requirerent, howgver, for the center base of the target or tor any part of
the target to be within the rectangular region. The reason for this is
because in this model the region only serves as a criterion ter ranging-in
(1.e., when the center of impact of the projectiles has landed within the
reglon) and as a3 basis for the u,6,y coordinate system, Figure 1 presents

a typical target counfiguration for the bunker model.

3. Basic Formulas

The geomatry used in the simulation, the equations required for the
simuldtion and the formulas used to evaluate the wifectiveness values, P(l+)
and E(H) for v Llunkar model are exactly the scme n3 for the squad model,
lv =3.u1d be notea chat P(1) and P(l+) when P(l/H;, the probability ot
lavepovitatyon given a random bit, 1s s¢t wcua  :, one, Theretyre valoes
ot FLi+), vrobability of at leust one hit within the aperture of a bunker
43 o souaticn wi number of rounds per aimpoint and number of sweeps per
targe. engdgrent, are abtained from fhj in cne squad model by setting

P(1/H) equal to ona in ?(I)mjn.
4, Notation and Units of Input and Output

Tabls 1 presants the parameters roquired as input intu the bunker pre-
gram and the proper format statements for each parameter. The followiny

nctation wae usad in presenting the format statenants:

[+

Aw -~ alphanumeric field

Ew.d - real numbsr with axpoenent
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Svmbol

T(1)
T(2)

T(3)

T(5)

NRA
ANE

PRE

X0

RW
RL
TH

PH

AT(1;

Table 1 Input Parameters for Bunker Frogram
(2 cavrds/caar e¢nd 1 trajectory card)

Faramicaer Unita Columns Formac

Jrajectory Card

~ 1-15 .E15.3
Coefficients of round's - le-30 E15.3
trajectory eguation - 31-45 El5.3
- 46-60 E15.3
61-75 E15.3
Round fdentification 76-80 A5
Card 1
Number of replications/target - 1-5 15
SUgagement
Maximum number af rounds allowed - 6-9 14
to range-in
Number of rounds/alwpoint (<20) - 10-13 14
Numbar of prejeatiles/round : - 14-20 ¥7.2
Coap.onent of standard deviation of 21-27 F7.2
range estimation errxor, ¢ (o = PRE
X range)
Hetght of muzzle of gun above maters 28-34 F7.2
ground
Deprh ¢f rectangular region meters 35-41 F7.2
Length of rectangular repion neters 42-48 F7.2
Angle theta (5) radlang 4955 Fi.2
Angle phi (¢) radians 56-62 F7.2
Wideh of buaker meters 63-68 F6.2
Height of bunker meLers 69-74 F6.2
a Coovdinate of center base of maters 75-80 F6,2

bunker (relative to center of
tecrangular reglon)
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Symbol

NA

DA

GZ

GAl

XR

SAX
SAY
5CX
SCY
SkX
5pY

GT(1)

Table 1 1Input Parameters for Bunker Program (Cont}

(2 cards/cage and 1 trajectory card)

Pacameter Units
Card 2

Number of sweeps (<50) -

Number of aimpoints -

Digtance berween aimpoints meters
{a,Yy) coordinates of ranging-in meters
point (relative to center of meters

rectangulayr region)

Y coordinate of first aimpoint mecars
(relative to center of
rectangular region)

Range from weapon to center of matars
rectangular region

-] milg
"

% nils
y

o, mils
x

g mils
c
Y

o mils
px

op mils
y

Y coordinate of center base netars

of bunker (relative to center
of recrangular region)

80

Columna Format
1-4 T4
5-8 14
9-14 F6.2

15-20 F6.2
21-26 ¥6.2
27-32 ¥6.2
3338 F6.2
39-44 F6.2
43-50 ¥6.2
51-56 F6.2
$7-62 F6.2
63-68 F6.2
69-74 Fr.2
75-80 F6.2




Fw.d - real number without exponent

iw = integar numbar
where - f1eld width
d - numbar of da¢imal places to the right of the decimal point.

The crajectory card, which gives the coafficients of the trajectory
aquation for the round under evaluation must be the firat input card. All
cases use thase coeificients and, hence only one round ls evaluated per run
of tha program, Each case requires two input cdards. It should be noted
that the maxioum values of NRA and MS given in Table 1 can be increased by
increasing the appropriate dimension statements in the program.

Explanations of some of the paramaters and procedures for obtaining
some of the paameters are given in the description of the squad model. It
should be noted, however, that in one sweep it 1is not negessary to hava
the entira length of the rectangular region covered by burst fire. For
example, 1f the bunker is in tha uppaer right hand corner of the reglon, it
may not be desirable to fire along the length of the region. Inatead a
better choice of aimpoints may be along 4 line parailel te the front edge
of the bunker with the <y coordinate of tha first aimpoint to the right of
the a axis (See Figure 1).

The output for the bunker program includes many of the input paramaters,
and the average effactlivensss values, P(l+) and E(H), as a function of
number of rounds per aimpoint and number of sweeps per target engagement.
These valuaeg includa affsctivanses dus ic
given are the average number of rounds (bursts in evaluating & wachine gun)

required to range-in and P(1+) and E(H) for the ranging-in process.
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5. Numarical Examplae

Une sample case was run using the bunker program. For thia example it
wis assumed that a vehicle mounted weapon systam firing three rcund bursts
with 10 projectiles par round was engaging a bunker whose center base was
located at the center of the rectangular region. The bunker was assumed to
be at an angle with regpect to the firer and on a terrain with some slope.
Table 2 presents the input parameters for the sampla case and Table 3 pre-
sents these input parameters as they appeared on thae input cards for the
program. Table 4 presents the sample cutput for tha uumerlical example.

This simple case was run on Ballistic Research Laboratory BRLESC Com-~
puter. Total running time was 1.35 min. while the compiling time was .37

minutes. The memory required was 1l1K.
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Tahle 2 Input Parameterg for Niymerical Example of Bunker Program

Parameter

Coefrficients of round's
trajectory equation

Round identification
No. of replications
Max., no of ranglng-in rounds
No, of raunds/simpoint
Ne. of projectiles/round
Component of standard deviation of

range estimation error
Muzzle height
Depth of rectangular regicon
Length of rectangular region
Angle 6
Angles 3
Width of bunker
Height of bunker
o coordinate of cenr > bage of bunker
No. ¢f swveaps
No. cf a.mpoints
Distance Letween aimpoints
& coordinate of rangiag-in point
y coordinate of ranging-in point
v cosrdinate of first alapoinc
Rangs
a

a

x
N

y coordinate of cecter base of hunker

83

Assumed Values

- .11009788E-1
~ JB3401764E-4
= . 35845794E-7
¢.0EQ
- .61213832E-14
4
50
5
3
10
.23

2.5m
10m
50m
.5 rad
.5 rad
25m
Sm
Om
10
3
&m
Om
Om
~8.5m
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Table 4 Sample Cutput for Numerical Example of Bunker Program

WIDTH OF BUNKER = 25.00M LENGTH OF BUNKER = 5.00M
MIDTH OF REGION = 10.00M LENGTH OF REGION »« 50,00M
BUNKER ORIENTATION = 0.SO0RAD TERRAIN SLOFE = 0.500RAD

MUZZLE HEIGHT = 2,.500M
NUMBER OF REPLICATIONS = 50

HORIZ DELIVERY ERROR = 4&.00MILS VERT OELIVERY ERROR = 4.,0OMILS
HORIZ. - PROJ DISPERSION = 10.00MILS VERT PROJ DISPEKSION = 10.QOMILS

RANGING-IN PHASE

NUMBER CF BURSTS REQUIRED = 1,32 E(H} = 5.28 PlLl+) = 0.988

SWEEP PHASE

RANGE PLI/ZH) NO DF NO RDS/ NO PRQJ/ NQ OF E(H) Pile)
(K) AlM PTS AIM PT ROUMD SWEEPS
309. 1.000 3 1 10. 1 16.31 1.000
300. 1.0006 3 1 10. 2 R7.6% 1.000
300. 1,000 3 1} 10. 3 38.64 1.000
200, 1. 000 3 1 10. 4 4£8.94 1.000
300. 1.000 3 1 10. 5 59.95 1.000
200, 1.000 3 2 10, & Tle.ll 1.000
100. 1.0060 3 i 10. 7 82.44 1.000
300, 1-000 3 1 0. 8 93.63 1.000
300. k.00Q 3 i 10. 9 104,75 1.000
300. 1.000 3 i r0. 10 115.56 1.009
302. 1.000 2 ) 10. 1 27.16 1.000
300, 1.000 3 2 LTV 2 49.82 1.000
390 1.000 3 2 10. 3 71.87 1.000
30C. 1.000 3 é 10. & 92472 1.000
350. 1.0G6G¢ 3 2 10. 5 114.90 1.000
3004 1.000 3 2 10. 6 127.09 1.000
300. 1.000 k) 2 10. 7 15%.86 1.000
300. 1.0G0D 3 2 10. 8 182.12 1.000
300. i.000 3 2 10. 9 204.15% 1.000
300, 1.000 3 2 10. Q 225.83 1.000
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300.
300.
300.
300.
300,
300.
300,
300.
300.
300,

Table &

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

O Y W W

IR RV R R R U R R
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10.
10.
1C.
10.
lol
10.
10.
10.
1Q0.
1Q.

=

COONGVI WM

Sample Qutput for Numerical Example of Bunker Program (Cont)

3a8.28

T2.20
10%.33
136.71
1T70.16
203.60
237.5%7
270.74
303.91
336.4)

1.0Q0
1.000
1.000
1.000
1.000
1.000
1.0G0
1.,9G0
1.000
1.900

®

e
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5.3 BUNKER MODEL

oCT.~70

THE BUNKER MODEL IS A MONVE CARLO SIMULATION OF A WPN SYSTEM EN-
GAGING THE APERTURE OF A BUNKER,
Pl{le), THE PROBABILITY OF AT LEAST ONE HIT WITMIN THE APERTURE
AFTER MS SWEEPS. AND E(M),

ASSUMPTIONS

MODIFIED VERSION OF THE SQUAD PROGKAHM

USES CLOSED-FORM TRAJECTORY APPRUXIMATIONS

DIMENSION AT(100},GTU100)}sTiS),EH({2C),P(20,100),TEH(20,50)
DIMENSION TFBAK(20,50)

INPUT QATA

REAC(S5,1)IT(I)el=145)eW

FORMAT{SELS«3,A5)

FORMAT (1592144 TFT7.2¢3F6.2)

READ (5% )MSyNAy DAy AZ ;GZsGALy XRySAX 3 SAY, SCX, SCY, SPX4SPY,GTIL])
FORMATI(214,12F6.2)

P(L+)zP (1) WHEN P(I/H),

RANDQOM HET, IS SET EQUAL TO ONE

PHK=1,.0

MEASURES OF EFFECTIVENESS ARE

THE EXPECTED NO OF HITS (PER APERTURE
ENGAGEMENT) AFTER M5 SWEEPS.

THE PROBABILITY OF INCAPACITATION GIVEN A
(NOTE = P(f] = P(I/H)*P(H)})

ONE TARGET - THE BUNKER (NOTE - THE BUNKER CORRESPONDS TO ONE CF
THE INCIVIDUAL MEN IN THE SQUAD PROGRAM)

NT=l

=0

ERZ=0.0
EHZ=0.0
FBARZ=0.0
RN=NPEP

TN=NY

00 5 M=)l MS
00O 5 J.igi\il_(i
TEK(J,X)=0,0
TFBAR{J,M)=0.0
STHeSIN(TH)
CiHaCOS5(TH)
SPHaSIN(PH)
CPHE=COS(PH!?
YR=0,S5S*RW*SPH
0O 28 NR=]1,NREP
S5PI=0.0

Il=1

AA= AL

GA=GZ

LismAL
VIaYR¢AZ35PH

XIsXR+AZSCTHOCPHAGL*STH

YI=YR4AZ*SPH

Ll=n=AZ*STHSCPHeGZSLTH
CALL NRAN3L{TR]1,TN2,1)

QA=PRESSQRY (X2 0024(YI-Y0)¥e2+I2%42)0TN]

00 8 M=LyNT

87



i0

11

12
13

00 7 J=]loNRA

EH(J)=D,.0

Pl J.N)-I-O

CONT INUE

NB=)

DG 28 Mo ) MS

CO 23 Ls],LL
XI=xXR+AASCTYHECPH+GASSTH
Yi=YReAA®SPH

Zin~AA®STHeCPHeCA*CTH
CHI=ATAN(ZI/XT)

SCI=SINICHI)

CCI=COS{CHI)
TASATAN((YI-YO)/SQRT(X1**242]¢%2))
STA=SIN(TAY

CTa=COS(TA)
CVMaSQRTIXTes2¢(YI-YO)ee2¢4Z]®®2)/1018.59
IF(IZ.E0.1)CVM=LVMeQA/L018.59
SXA=SAXSCYM

SYArSAYSCVYM

SXCa’ (#CVM

SYCa5. . VY®eCyM

IF(Y2.EQ.3)GOTO 10
Uls(XT+QA*CCI*CTAJ*CCI*(Z1+QA®SCISCTA)®SC]H
XI=yleaCCl

YisvI

It=ulesSCl
TAATAN((YI-YO)/SQRT(X1®$2+21%82))
STA=SIN(TA)

CTA=CO3(TA}

OA-OQO

CALL NRANZILIRNLRN2,1)

00 19 MM=),NB

CALL NRAN3IL{SN]1,SNZ, 1)
RASSYASRNL4SYCeSN]
SA*SXA®RN2+SXCoSN2

XKAs X J+QASCCI*CTA-RASCCI*STA-SA®SC]
YA=v¥leQARSTAGRANTA
ZA=Z1+QA®SCINCTA-RASSCI€STA+SASCCT
CHA=AYAN(ZA/ZXA)

SCA=SIN(CHA)

CCA=COS{CHA)

UAsXASCCA+ZA®SCA

VA=sYA

Az - (CPHE#24 (CTHOSPHESCASSTHESPHOCCA 9 2)
O=CPHS(-CTH®SPHeCCA+STHISPH*SCA)
Co{-CTHOSPHECCASSTHeSPHSSCA) R {CYN*SPH*SCA+*STHeSPHRCCA)
IF(12.6Q.31G070 12
ALs=CTH*SPHeCCA+STHEeSPHESCA

ANsCPH

ANSCTHOSPHESCASSTHOSPHSCCA
DGo—(AL®XR*CCA+AMBYR-AN®XRSSCA)

GG 10 12

1222

AlL.=0,0

AMe] .0

DG=~-YR

CALL ATRAJ(UA UA, VA TsALJAM,DG,Y0,UB,VB)
IF{vB.LT.~0.01)G0T0Q 11

DO 19 Nsi,NTY

JCeD.0 88
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14

15

16

VCa(a.0
WC=0.0
CL=0.0
CH=0.0
CN=0.0
8T=0.0
00 16 Jisl,2

UTa (XR+AT(NISCTHOCPH-BTECTHRSPH4GTIN)I®STH)I®CCA+
LI=ATIN)ISSTH¢CPAGBTOSTHOSPHOGTI(N)S®CTH)*SCA
Vi=YReAT(N)*SPH+BT*CPH
MT2—(XR*ATIN)SCTH®CPH-BTOCTHeSPHAGT(N)I*STHI®SCA+
L{=AT(N)SSTHSCPH+BTESTHOSPHeGTIN)*CTH)®CCA
GOTO(14,15),44

Di==(AsUT+3oVTI(sNT}
CALLATRAJ(UT UA VA, T . A,B,0T,Y0,UP,VP)
CYM=sSORT(UP®* 2+ (VP-YQ)¢*2)/1018,59

SXPsSPXSCVH

SYP=SPY®LVM

DMAX®u4 ,0¢SPX®SQRT(UTES 24 (VT-Y0)**2)/1018.59
IF(ABS(WT ) -WM/2,0.GT.OMAXIGOTO 17
DS=={UPS#2+VD¢{VP-YD))

CALL ATRAJIUT JUT VT To,UP,VP=-YC,0S,Y0,U,VI

UCayCe 500

VC=vCe 58y

WCaWC e SeNT

CLs~-CL+V

CM=-CHev

CN=s~-CNeNY

BT=HM

HPM=SQRT(CL*%24CMO82+(CNE22)

YBAR2 (CL®(UP-UC)+CMe(VP-VC )I-CN*wWC ) /HPM
XBARaSQRT(UC-UP)I®2¢(VL-VP)ss2+u(e22-YEARSS?)
IF{WC.GT.0.0)XBAR=~XBAR

He {ERF{{ «S*WN-XBAR )/ SXPI-ERFI{-,5¢WM-X0AR)/SXP))®
L(ERF((.SOHPM-YBAR)/SYP}~ERFL(~.5%HPM-YBAR)/5YP))
SPu(l.0-PHKSH)*SANP

GO 10 18

SP=1.0

H*0,0

00 19 JeiM,NRA

EH(J)}SEH{ ) +ANPSH

IF(P{JyN)LE.1.,0E-20) GO VO 19

PlLUsNISP{J NI*SP

19 CONTINUE

19

20

21

22
23

PlLIyN)=P(JeN)SSP

GOTOl20s21422),12

ABs (UBSCTHOCCA-UB®STHOSCA-XR®CTH)I*CPH+ SPH*{VB-YR }
GB=UB*STHSCCA+UBSCTYHSSCA-XR*STH
1F(-RW/2.0.LE.AB.AND AB.LERMN/2,0,AND.-RL/2,.0.LE.GB
LoAKD.GB.LERL/2.0)G0TD 24

XB=yBeCCA

YB=vd

Z8=id®3CA

CALL NRAN3L(TNL,THNZ2,1)

QA=PRE*SQRT ([ XZ-XB)*e24(YI-YR)*$2+(27-7B)*¢21eTN]
11=]

G0 10 23

GA=GA+DA

CONTENVE

IF{i2.€Q0.3060V0 26

L=L-1 89
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24

25

28

27
23

29
30

32

33

34

35
36
31

s

39

40

4l

62

1I=3

LL=NA

CALL ATRAJIUT UToVEsToAL, AN, 06, YU UZ,YL)
AA= (UZOCTHYCCA-UZ*STHOSCA-XR*CT N, *CPHeSPHe(V]I-YR)
GARGAL +PRESTN2®ABS(GAL)
ER2=ERZ*FLOATIL /RN

QA=0,0

DO 295 N=]4NT

SPI=SPL¢P(L4NI/TN

EHI=EHZI4EH(L1)}/RN

FBARZ=FBARZ +(1.0-SPXL)/RN

NB=NRA

GO 10 9

CALL NRANJL(TNL,TNZ,I)
GAsGAL+PRE®TN2*ABSI(GAl)

00 28 J=]l.NRA

SPS=0,0

00 27 Na]yNT

SPS=SPS+PLIWNI/TN

TEHI S MIWTEH({J,MILEH{JI/RN
TFBAR(JeM)aTFBAR({ I, M) +(1,0-SPSY/RN

QUTPUT DATA
WRITE(6429)W

FORMAT{ 1} 437X4AS)

WRITE(G430)

FORMAT { 1HO)

WRITE{6432 WM, HM

FORMATILIH 12X, 17THWIOTH OF BUNKER ®,F7.2,1lHMy5X,
1L8HLENGTH OF BUNKER =,FT7,2,1HM)

WRITE(6,3312WRL

FORMAT(LIH , 12X, LTHHIDTH OF REGICN =oFT7e2,1HM SX,
118HLENGTH OF REGION =,FT.2y1HM)

WRAITE(6,34)THPH

FORMATELIH o Ty 20HBUNKER ORIENTATION =,F7.3¢3HRAD 5X,
11SHTERRAIN SLOPE =¢F7,3, 3HRAD)

WRITE(6,+35)V0

FORMAT(1H 28Xy 1SHMUZZILE SEIGHT =,F743,1HM)
WRITE(S5)30)INREP

FORMAT(1H ,25X: 26HHUMBER OF REPLICATIONS =,15)
WRITE(6,3T7)

FORMAT(1H )

WRITE(6438)SAX,SAY

FORMAT(IH ,5X,22HKORIZ DELIVERY ERROR 3,F0,2,4HMILS,
15X, 21HVERT DELIVERY ERROR =,F6.2,4HMILS)
WRLIIE{6439)5PX,SPY

FORMAT(LH o+4X,23HHORIZ PROJ DISPERSION =,Fb.204HMILS,
15Xy 22HVERT PROJ DISPERSION =¢F6e2,4HMILS)
WRITE(6,30)

WRITE(6,30)

HRITE(6440)

FORMATUL1H 431X, 16HRANGING-IN PHASE)

WRITE(&,30)

WRITE(6¢41)VERZ,EHNZ,FBARZ

FORMATU{1H 45Xy 2THNUMBER OF BURSTS REQUIRED =4F6.2,
TOXJOHE(H) % FOLZybX, THPI1+) =,F&.3)

WRITEL6,430)

WRITE(6,30)

WRITE(6,42)

FORMAT({LIH 24X, IHSWEEP PHASE)

WRITE(6,30) 90
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MRITE(G,43)
43 FORMAT{1H o4X,T2HRANGE P{I/H) NO OF NO RPS/ NO PROJ/ N
10 OF CUH) PLled)
HRITE(6,44)
44 FORMAT{1H o5XK.53HIM) AIM PTS  AIM PT ROUND Sw
ad 1EEPS)
WRITE(6,30)
00 46 J=1.NRA
00 46 M=l,MS
HRl!E(b.GSiXR.PHKgNA'J.ANP.M.IEH(J.H).TF&AR!J.H) Py
3 FORMAT(LH 93X F5,003XeF6.3y4XpTdyTXe13,6X,F5.0,6Xy13c8XoFT02,3X,
1F7.2)
46 CONTINUE
WRITE(6,47)
47 FORMAT(1H1)

‘ GOTO 2 °
END

FUNCTION URAN3L(T)
IF(1)10,11,10

11 I=11111111

10 J=l

4 JuJ#25 ®

Jed=-1J/6T108864)867200864
J=je25
JnJ-(J/67108864)%67108864
Ju oS
JuJ={J/67108864)%86T10064
Al=J
URANIL=AL/ 67108864, |
RETURN
ExD

SUBROUT INE NRAN3ZL{X1,X2+17
AimSQRTi=2.0%ALOGIURANSLI TS
4 X4n6,20318530T2¢URAN3I( 1) »
K2=X38E TN(X&)
A1=X3%COS(X4)
RETURN
END

_ FUNCTION ERF(X)
q Cc NORMAL DISTRIBUTION FUNCTION, SAME AS NOF AND FORAST N.D«F. »
F=0.
AX=&85(X)
IF{AX,(EL5.)GOTO 3
Fu((({{.53283E-5%AX+.488906¢k-
Gdo

* ®

A
- .6 A

i 74003877203 ivAR+.C2li4l
Fr.S/ILE*e8)0%2)
e 3 [F{XeGEeOoiFula=F 0
ERF=F
RETURN
END

a
] v

4)#AX+,380035E- 4
F2ARE 0450673448

L
[

X
X

(¢ B
v -

|
A TN
) acw

P




SUBROUTINE ATRAJ(E WsVyT,AA,BB,CC,yYO0:N0,EE)

DIMENSION T(5)

X=E

TAN= (V=YO=T (1} )/U=Nel{T(2)4We{T(AIeWe(T{G)eNeT(5])))

FuBBO(YO+T( 1V oX®(TANGXSIT(2)eXe{T(3)oX®(T(4)eX*T(5))))))ehARXeCC

FF=BR*(TANSX® (2, 00T (2)4X*( 3, 06T{3)+X*(4,0*T(4)eX*5.0%T1(5)))))+AA
FFF=BBe(2,08T(2)+X¢ (6. 0%T(3)eX*(12.0%T{4)¢X*20.02T({5) 1)}

XXz X

X2aX~(F/FF)%{1.0¢FeFFF/(2.00FF3%2})

IFLADRS(X-XX).67.0.00)6070 1

pb=X

FEZYQeTLLIeXO(TANSX®(T(2)4X®(T(3)4XOIT(4)+X*T(5))])))

RETURN

ENO

92
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5.4 MHemisphere Model

1. General Description

Tha purpose of this paper is to study the effectiveness of machine
gun fire on a pelnt target of hemispherical configuration. This paper is
intended to provide an essential background of the subject area and an
example so that the reader can apply the model with a minimal {nvectmant
of his time.

The approach of this study is to use Monte Carlo ~imulation routines
to vary certain infitial conditions of the projectiles and observe the
projectiles in relation to the 3-4imensional target region. The meagures
of eftectiveness of the projectiles in relation to the target area are
P(F),P(S) and E(H). This study uses the flight equations as discussed in
a previcus tepurt of this command [8].

The following basic definitions have been rendered for the sake of
clarity:

P(F) - the probability that the first round of a burst
intersects with vthe target region

P(S) - the probabllity that the subsequenf rounds of a

burst intersect with the targat region

E(H) - the expected number of rounds in a burst which

should intersect with the target region

The remaining portion of this paper will cover basic assumptions of
the modeling, the basic flight equatiors, a discussion of the computer
usage, a numerical example based on pseudo-data with gample output, and

general comments on the scope of this study.
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2 Basic Assumptions

There are two (2) basic assumptions that are used throughout the suc-
cessive development. The flirst assumption {s that the fi:st round in a
burst may be significantly Jdisplaced from the center of impact of the sub-
seq.eat rounds of a burst.

The second assumption made 1s that the rounds per burst were randomlzed
such that five, trivariate normel distributions - mutually independeunt with
respect to three axes - would characterize the initlal disperaion of rounds
about the muzzle. Three normals characrevize the initlal displacement and
two normals characterize the initial wuzzie veloclities about the muzzle,

Based on the above assumptions snd the kinematlics of the projectile,

the efrectivenass of che weapon systum i: studied.

3. Basic Formulas
The notation of the following form:lation is based on a Euclidian

d-space coordinate system where the origin of X1 for 1=1,2,3 1is located

at the weapon. The positive X =-2>is i3 the lateral coordinate to the
right; the pusitive Xz-axis is the r:ngewige coordinate, and the positiva
XJ-&XLS 1s the vertical, upward ccirlinate (See Figure 1).

X
4

e B Projectile Path

e e, \_\ g

T .
o)
L‘_,. Target

Figure 1 Coordipate System and Target
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The first round about the muzzle may be dunoted as a vector X .,

whose endpoint from the origin would be (XXIO'XJlO'XJlO) (See Figure 2).
Similarly, if the vector of a subsequent round about the muzzle is denoted

as X tien one of its endpoints would be (Xl‘o,Xzzo.X3,0). Finally,

20!

if the vector difference (called cffset) betwcen the first round of a

.

) 4“110':‘210')(310)

X

1 X X X

¢ //"' ( 20 oot 3:9)

y 297 -

. -

/ —T *20

/ ‘
P - P X

Figurea 2 Coordinate System with Initial Vectors

-

burat and the center of impact LM of gubsequent rounds of the same
<0

"burst were denoted as §30, then in general the offset of burst could be

equated as

Xao - My ~Xl° (3.1)

The means and variances of the normal, trivariaie distributious of the

first round, subseguent rounds, center of impact and offset in all three

95
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dimensicns are denoted as follows: g , 92 g , a2 ; and X
. *1o o M20 *120 N2
L . O for 1i=1,2,3.
5o Mo
In a similar manner the inftial velocities use the same nota:ion. ]
The first round would have a velocity vector vlo vhere one of the end-
. . \
polnts would be (\110"210'V310)' and cl.e velocity vectoer Vzo of a
subsequent round would have its endpoint of (V,..4V,,,,V5,4) Since the »
velocitias are normally disctributed, the means and variances of the first
rounds and subsequent rounds are the following: Uy . o% ; and vy N
) 110 110 120
as for 1wl1,2,3.
120
D
The basic flight equations are based on the following six (6) equ-
ations [8):
, LYC
v, = \xoe
- yt [ ] L
v2 v20
V3 - V300Yt + B (l—eyc)
v (3.2)
1 -yt
X, =X, - . (e -1)
1
v2 — i
- < Yt_ L
xz X2° v (e L
v -yt
3 -yt B e -1
- X -— - + + —
x3 k30 Y (e b Y (e v )
where Vi for 1~1,2,3 41s projectile velocity at any time t »
xi for i»1,2,% 1is projectile position at any time t
vioand xio for i=1,2,3 s initial velocity and spuce component
g 1s the gravitational acceleration constant
and Y i3 velated to the projectile drag. »
96
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Asgume that a projectile of mass mr and cailber d 1s passing
through a medium of cunsctant density p where the velocity of sound a,
is constant. Then a drag coefticlent K, exists such that
8
Ky - Bao/v Mmoo 1 (3.3
where M 41s Mach number and B8 13 the constant ¢f proportiorality, Taking

ong moTrTe step,
y = -Sauadf/m 93.4)

is tha quantity that 13 used in the above equations of motion.
The program analyzes a weapon's effectiveness in the following manner.
Tha effectiveness measures of D(F) aad P(S) are based solely on ratio of

number of hics per number of firings. The expected number of hits, E(H)

is computed as

E(H) = P(F) + (N-1)P(S)

where Nenumber of rounds per burst. In addition, the mean value and
standard doviacion of the hits are measurad per coordinate for the first

rounds and subsaquant rounds per burst.

4, Computer Program Usage

The program is written in FOKTRAN IV language for the IBM 360/65 machine
rua (7) SUBROUTINES and one (1) FUNCTION routine. The
program solves certaln formulas for targst effectiveness based on the

desired pumber of replications (bursts) per case.
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Jriginally the program waa written vith single precision accuracy.

However, due to the large magnicude of range and the small variatione of

impact coordinates, single precision was meaninglees and hence double pre-

cision accuracy was used (IBM FORTRAN card: IMPLICIT REAL*8(A-H,3-2))

Dua to the protlem vf large ranges, small variances of impact co-

ordinates, and larzes sample sizes (i.e,, large number of eimulated rounds),

it ls possible for the machine to compute a negativa variance in the range-

wise impact coordinate (which of course cannot be correct). To guard

agalnst such an occurrence in computing variances of wuccesgsivae rounds only,

impact points were stored in vector arrays for the respective coordinataes.

Then the lLasic formula for variance was used.

Cna type of output the program renders is mil dispersion on the targst

in all three w=oordinates where each linear foo: is multiplied by 12,000 ta

render mils (i.e., "mil-inches').

not accurate to the magnitude of the m!li~inch nor is the projectile's

dimensions even considered in this program, the mil dispersion yields very

lictle useful {nformation. On the other hand, the variances in feet can

render valid and useiul information.

Table 1 ylelds a listing of the input variables. An explanation ot

sone of the variables is rendered balow:

NCASE. When NCASE=(0, then the program teininates; otherwise the

varisble may assume any arbitrary value.

pT, The initial tiue increment for which the projecctile squa-

2re solved for each changa in tima,

98
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IMIN. A tire estirate wacreby moyt of the projectiles will not
nave hit the target. If tha nrojoctile 5;5 passed the targat for that
L then the program will select a proper starting time fos that pro-
Jectile,

(X1A,X24,X34). This point {s a sulected aim point on the targst
surface which serves no usef{ul purposa. Cne set of cutput describas the
two angles 9, (deflection in radfans) and 6. (elevation in radians) of
the line of sight with the aiming pofint,

The loglc flow i3 briefly as follows. The first projectile 1s simu-
lated by sampling from two (2) trivariate normal distribuiions: cne for
inicial (firsc-round) displacement, and ancvther £or initial (first-round)
muzzle velocity, Then the subsequent rounds are fired for the remaindar

of the burst by sampling tihree (3) trivarfate normals: one four affser,

another for inftilal (subsequent-round) diaplacement, and the third for

initial (subsaquent-round) velocity. The abova i3 iterated for NREPS times.

The wvimulated projectilas ave observed to detaimine if thay hit the hemi-

The program output conslsts of printing P(F),P(S),E(X, and the means

and varlances of the hits in mach coordinate in bath feat and mils.
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5. Numerical Example

As an illustration, let us congider a machine gun firing on & hemi-

spherical target downrange with the following weapun system data:

$X110 = 1.5 x 10°° SX120 = 1.5 x 1077 SX130 = 7.0 x 107°

$X210 = 3.0 x 107> $X220 = 6.0 x 107° 5X230 = 8.5 x 107°

$X310 = 1.0 x 107° $SX320 = 5.0 x 107° X330 = 1.12 x 107°
UX110 = 3.0 x 1077 SV120 = 0.3 UXL30 = 5.0 x 107>
UK210 = -6.0 x 107° SV220 = 50.25 UX230 = -1.1 x 1074
UX310 = 2.0 x 107° SV320 = 0.4 X330 = 1.0 x 1077

SV110 = 0.1 AV120 = 2,0

$V210 = 50.0 AV220 = 3500

SV310 = 0.2 AV320 = 3.0

AV110 = 2.0
AV21G = 350C
AV310 = 3.0
Further, the center of tha 6 feet hemigphare is located at
Al = 1.36664 A2 = 2392.07 A = -9.5
with the firer aiming at a point

X1A = 1.0 X2A = 2400 XA = 1.0

and the projectile will travel for a minimum time (TMIN) of 0.890 seconds

ramente (DT) of Q.001

before checking for a bit in initial tim

seconds,
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The following environmental conditions exigt:

G = 32,175 X = 3.774 x 1072

P = 2.377 < 1077 Be .25

2

Dwe 1.9685 x 10~ AQ = 1120.27

Lastly, the following controls were imposed:
N6

NREPS = 200

Under the above conditions, the following results were obtained:

P(F) = 0.8950
P(S) = 0.80990

E(H) = 4,940

Sinca some projectiles hin the target region then the means and variances

of impact points in all three coordinates may be useful (Table 2}:

Table 2 Means and Standard Deviations
of Exanple Case

1 R bE
Maan* - lst round -0.00632 -5,96803 0.5176
Std Dav - 13t round 0.07603 0.03331 0.30275
Mean* - Subseq rd =0.01404 -5.95¢€72 0.58392
Std Dev - Subseq rd I 0.19824 0.04077 Q.24439

.
Mean is adjusted for center of hemisphere
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SY-TN10-70 S.4 HEMISPHERITAL VAKGET MODEL LT.-70

YHE FOLLOWING §S MONTE CARLC ROUTINE FOR STUDYING MACHINE GUW
EFFECTIVENESS ON A POINT TARGET OF HEMISPHERICAL CONFIGURATIUON,

IMPLICET REAL®G(A~H,2-2)

DIFENSION Z1(1001)22(4001%,423(1001)

CUMMON AloA20A3,R1,GAM G TMINDT

COMMON/ SRANCM/ ISEED

FORMAT (1HL}

FORMAI(315,2F10.0)

FORAMAT (BF10.0})

FORMAT(IX, *NCASE (N, NREPS,RL,OT*/1X,3]5,2F10,50

FORMAT{ IXa TAL oA, A X 1A X2A XA THINS /I X (BELS. &I

FORMAT{ LX o *GoPyDeXMeByAQ*/1X4BELS.6)

FORMAY {1Xy*SX1104SX210¢SX310,UXLIL04UX2L0,UX310 - SV1E0,5V210,5Vv310
1oAVIIO AV210,AVILQY/ LIX,6E15.6/1%,6E15.6)

FORMAT (1Y, 9SX120.45X229,5X320 ~ 5§V120,5V220,5V320,AY120,AY220,A%320
17715, 3ELS.6/ 14 6ELD 0]

FORMAT(1X,y 9SX130,3X230,5X330,UX230,UX230,UX330%/1X,8E15.6)
ISEED=TT91261

DD 110 IC=1,300

HWRITE (641)

READ (542) NCASEpN,NREPS,R1,DT

WRITE (6,111) NCASE

IF (NCASE.EQ.0) CALL EXIT
READIS;3)A1A2sA3,X1AsX2A,X3A, TMIN
READ(S5+3)GoPoNsXMsB,AQ

READ (543) SX110,5X210,5%310,Ux110,UX210,UX310
READ(S,3)5v110,5V210,5v310,AV]110,AY210,4V310

READ (5,3) SX120,5X220,4S5%320
READ(S5.31)8V120,5V220,5V320,AV1Z0,AV220,AV320

READ (5¢3) SX13045X230,5X330,UX130,UX230,UX330

NHLl=0

NM2=0

Nil=0

NI2=0

SY1l=0.000

$Y2=0.0D0

SY3=0,0D0

SSY1=0.000

$SSY2=0.GDO

$5Y3=0,00D0

321=0.0D0

$12%0.,000

$I3=0.0D0

GAR=1-1.Ci*03A0+P20+0/XM

ODETERMINE AUCLINE OF SIGHT OI1ST TO AIM PT)THL(DEFLECTION),
AND THZ(ELEVATION) IN RADIANS WITH RESPECT TOQ ORIGIN.

AD=DSORT{XLASX1A®X2ACA2A+ 7 3A%X3A)

TH1=DARCOS(X1A/AD)

TH2=DARCCS(X3A/AD)
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[aXalal

[aXaXsl

10

WRITC(694) NCASEN,NREPS,K1.0T

WRITE(O,SIALoA2)AS, X1A,X2L X34, THEIN

HRITE(64,4)G,PoD XM,B¢AD

WREITE(S6¢T7) SXL110,5%210Q,S%310,UX1L0,UX210,UX310,8VI10,5V210,5v310,
1AVi10,AVZ10:AY310

WRITE(G6,8) SX120,5X220,5X320, SV120,SVZ20.5V320.AV1I20,AV220,AV320
WRITE{6,9) SX130,5X230,5X330,UX130,UX230,UX32¢

MRITE(O s L13)TMIN,GAN, ADy TH1,TH2

DO 100 L1l=1,NREPS

SIMULATE FIRST ROUND OF A BURST

CALL NORMAL(ELl,E2)
X110=SX110*E+uiX120
V110=5V110*E2+AV 10
CALL NORMAL(EL,E2)
X210=SX2100E1+UuX210
V210xSV210%ELZ2+AV210
CALL NORMAL(ELl,E2)
X310aSX31C*#EI+UXI10
V310sSV310#%E2+AV310
NTYPE=O
CALL FLITEIX1104X210:X310,V110,V210,V310,THIT XL X2,X3,V1,V2,V3,
IMTYPEGJNH]L  MHE?
Nll=NI1]l+l

DETERMINE 15T ROUND MEAN AND VAR OF TARGET DISTRS (FTEMILS)
IF(V2.EQ.0.01GD 70 10
YlaX1l-Al
Y2ax2-A2
Y3i=X3-A3
WiasNML
M1lMsNHL=-1
SYla§Y1ley]
SY2=5Y2eY2
CY3aSY34Y3
S$Sy¥issSSricriev]
SSV2=S5Y2+Y28Y2
$SY3aSSYAev sy

SIMULATE SUBSEQUENT ROUNDS OF A BURST

NN=N-1

DO 100 L2=1.KN

CALL NORMALIEL,E2)
X130=SX130%E1eUX130
CALL NORMAL(ELl,E2)
X230=5X230¢C1¢UXx230
CALL NORM/LIELeE2)
A330=3K33u%Ei+UX330
UX120=X110+Xx130
UX220=X2104X230
UX320=X310+X330
CALL NORMALIEL,E2}
X120=5X120%E1+UX120
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20
100

101

102

103

Vi20=S7120%E2+AV120
CALL NORKAL(EL1,E2)
X220=SX220%E1+UXx220
V220=5V220%E2+AV220
CALL NORMAL(EL,E2)
X320=5X320%E1+UX320
V520=SV3Z0%E2+AVI20
NTYPE=]
CALL FLITE(XL120+4X220,%X3204V120¢V220,VI20,THIT XL 9X2¢X3eV1ieV2,V3,
INTYPE,NHI¢NKH2)
NIZ2=NT2+1
OETERMINE SUBSEQ RDS MEAN AND VAR OF TARGET DISTRS (FTLMILS)
IF{V2.EQ.".0)G0O FO 20
STORES DATA POINTS ADJUSTED FOR CENTER OF THE HEMISPHERE
JaNH2
WZ2mNH2
I1{J)=X1-Al
22(J)=X2-A2
13(J)=Xx3-A3
SI1a521+21(J)
S12=SI2+4224J)
ST3=S23+2304)
CONT INUE
CONT INUE

PF=DFLOAT (NH1)/DFLOATINIL)
PS=DFLOAT(NH2)} /DFLOATING 2}
EH=PF+(N=~1}%PS

WRITE (G6y116) PLPS,EM,NHL,NI1,NH2,NI2
IF(EH.EQ.0.0} GO ¥0O 110

MEARS OF IMPACT POINTS IN 3 AXES - 1ST ROUND
IFINH]1.EQ.O) GO 1D 105
Y1BAR=SYl/W]

Y2BAR=5Y2/R1
Y3BAR=SY3I/W]

MEANS IM MILS - 15T ROUND
Y1BARMsYLlBAR *12000G.0D0
Y2BARM=Y2BAR *]12000.0D0O
Y3IBARMaY 3BAR ®12000.0090
IF(NH1-1)102,102,103
$DOY1=0.0
50Y2s0.0
S0Y3=0.0
SOY1IM=0.0
SDY2K=0.0
SOY3u=0.0
GO T0 104

VARIAKCES - 15T ROUND
VARY 1= (SSY1-Wl#YVIBAR®YLBAR}/WIM
VARY2a (SSY -W1sY2BARSY2BAR) /H1M
VARY3I= (SSY3-WL#Y33ARSYIDARI/WIM
IF{VARY1.LT.0.0}VARY1=0.9980010D02
IFIVARYZ2.LT.0.0)VARY2=0,998001002
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anoann

104

105

106

107

109

STANDARD DEVIATIONS AND MEANS - 157 ROUND

SOY1=SNGL(DOSQRT(VARYL})

SOY2aSNGL{DSQRTIVARYZ2))

SOY3I=SNGL(DSQRT{VARY3})

SOY1M=SDY1+12000.0

SDY2M=50Y2¢12000.0

SDY3H=50Y3%12000.0

Y1BAReSNGL(Y1BAR}

Y2BAR=SNGL{Y282AR)

Y3BAR=SNGL(Y3IBAR)

MRITE(64123)

WRITE(69124)Y18BAR,SOY1,YIBARMySOYLIMY2BAR,SDY2¢V2BARM,S0Y2M,

1Y3BAR,5DY3,Y3DARM, SOYIN
MEANS OF IMPACT POINTS IN 3 AXES - SUBSEQ ROUNDS

IF(NH2.EQ.0) GO TO 110

Z1BAR=SZ1/%2

126AR=S22/W2

13BAR=SI3/M2
MEANS IN KILS - SUBSEQ ROUNDS

118ARMsZ 1BAR *12000.0D0

12BARM=2 2BAR #12000.000

238ARM=22 3BAR *#12000.000

IF{NH2~-1)106,106,107

$DZ1=0.0

50£220.0

SOZ3=u.0

$DZ1M=0.0

SDZZH-OQO

SDZ3M0.0

GQ TO 108

SINnCE THE RAMNGEWISE NUMBERS ARE OF SUCH MAGNITUDE THAT

SMALL VARIATIONS IN DIMENSION ARE LOST DUE TC ROUND-OFF ERROR
(EVEN IN DOUBLE PRECILSION),y THE DEFINITION-FUMMULA OF VARLANCE
IS USED.

VARIANCES - SUBSEQ ROUNDS
JKEAX=Y
W2M= iMAX~-]
Z1ACC=0.0
E2ACC=0.0
23ACC=20,0
00 109 JJ=1,JNAX
Z1ACC=Z1ACCH(21(JJI-21BAR)S(2Z1(4J)-Z1BARY
Z2ACC=Z2A0C+(22(04)-T2BAR)*=(Z22{JJ)-128AR)
ZIACC=23ACC+(231JJ)~-L3BAR)®(Z3(JJ)I~T3BAR)}
YARZ1=ZL1ALC/W2M
VARZZ=Z2ACC/W2H
VARZI=Z3ALC/wW2M
IF(VARZ1.LT,0.0)VARZ129.598001002
IFIVARZ2.,LT.0.0)VARI2=0.998001002
IFIVARZ3.LY.0.01VARZ3=0,998001002
STANCARD DEVIATIONS ANDO MEANS - SUBSEQ ROUNDS
SOZ1=SNGL{DSQRT(VARZL)}
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SDL2=aSK5_ (DSQRT(VARZ2))
SOZ3=SNC.IDSQRT(VARZI))
SDZ1M=5D21#12000.0
SDI2M=5D22%12000.0
SOZ3M=5SD23*120GC0.0
Z1BAReSNGL(Z1BAR])
IZBAR=SNGL(Z20AR)
Z3DAR=SNGL(Z3BAR)

108 KRITE(64125)
WRITEL6,124)21BAR4SDZi¢Z1BARMySOZLIM,I2BAR,SD2Zgy22BARM,SDI2M,23BAR,
15013,238ARM,SDZ3M

110 CON{ INUE

111 FORMAT (12X, *CASE NUMBER ='[4.,//}

112 FORMAT (1Xs107i04/911X,8EL5.6))

113 FORMAT(1X,*TMIN,GAM,ADy THL,TH2'/1X,TEL15.6/)

116 FORMAT( J/7/oLXy PFoPS+EH #tSX,3F12.5,5XK¢*WITH'I10,* HITS INI1Q,
1 ITERATIONS FOR iST ROUNG*/7 SBXe"AND'I10,* HITS IN'[12.% IVERATION
25 FOR SUBSEQ ROUNDS'/)

123 FORMAT ( /elXy*FIRST ROUND DISPERSION (1IN FEET) RELATIVE TO TARGET
1% 14x, 6%, S5Xy *FIRST ROUND DISPERSION (IN MILS) RELATIVE TO TYaAR
2GETY)

124 FORKAT(SX,*X1~MEAM ='E15,.645X,°X1-5TD DEV =' E19.6,5X; %% ,9K ' X1-M
LEAN ='E15.£695X, "X1=STD DEV ='E15.6/ 5X,"X2-MEAN ='E15,6,5X,*'X2-ST0D
2 DEV ='Cl5a6,5Xy %" ,9X, ' X2-MEAN =2'E15.6,45X,"' °2-STD DEV ~'E15.6/5X,
3 'X3-MEAN ='E15.695Xe *X3-STD DEV ='E15.645X, #* 49X, *X3-MEAN =* €15,
46¢5Xy*X3-STD DEV ='E1S5.6)

125 FORKAT(1Xy*SUBSEQUENTY ROUND DISPERSION (IN FEET)® 28X,*®* (5%, *SUBS
1EQUENT ROUND DISPERSION (IN MILS)*}

END
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SULGROUTINE FLITE (X10,X20,X30,V10,V20,Y30,THET ¢X14X2.X3,V1,Y2,V3, @
INTYPELNHL,NHZ)
IMPLICIT REAL®*8(A~H,0-2)
COMMON Al,A2,A3,R1,GAM.G, TMIN,DT
TalMIN ®
RZ=R1®R | )
DT 1=01
A2R=A2-R1
755175, x
201 Cl=0.
C2=0.
C3=0.
vCi=0.  J
vC2e0.
VC3=0.
R2C=0.
1ot
NR=1
5 R2BeR2C
BL=Cl
82sC2
B3=C3
vBlavCl
VB2sV(2Z
vB3=v(2
T8ay
IF(NR} 10,410,101 o
1G T=T40T1
101 TCa¥
EXT=DEXP({~GAMET )-1,0
EXTIsCEXPIGAMSET )
VClaV LO®EXT
VC2=V20EXTL
VC3aVIO*EXTL4(1.0-EXT1)*G/GAM » ®
Cl=X10-EXTOVC1/GAM
C2sX20-EXTOV(2/GCAM
C3eX30~EXTOYC 3, GAMS (THEXT /GAM ) G /GAN
R2Cm{C1-ALI¥(C1-AL) +(C2-A2)*(C2-A2)+(C3-A3)*(C3-A3)
THE NEXT S CARDS INSURE THAT TMIN POINT IS IN FRONT OF TGT
IFINRT 109990109
109 IFIC2-A2R) 9, 9, 119
110 T=T1=-2,0T1
TKCeT~T55
IF(T-TMC) 18, 201, 201
9 IF(R2C~R2)15515,11
PROJECTILE MISSED TARGET
11 IF{NR) 111,111, 13 >
111 [F(R2B-R2CI12,12,13
12 CONTINUE
Xll0.0
Vl-O-O
Xl-0.0
iZ-G.O

v2=0.0 [
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o
13
15

C

C
317
l6
216

<
116
600
17
18

C

C

w N e

V3i=Q,0
GO TO 18
POINT C IS QUTSIDE TARGET REGION
NR=)
GO T0 S
IF(C3.LT.A3) GO TO 18

PROJECVILE 15 INSIDE VGV REGION - USE EXISTING PT C-(C1,C2,C3)~
TU DETERMINE IMPACY POINY WITHIN 3 INCHES OF TGV REGION

1F(DABS(R2C-R21-0.0625017,17,216

IF(33.L7T.A3)G0 TO 12

IFIDTI.LE.O.1E-08} O TO 17
IF PT C IS WITHIN 3 INCHES, THEN RECOAD

OTI=DT1%0.1

T=TB

NR=(

FONMATHLIX,*T,0V] =*2€15.06)

GO TO 10

Xxl=Cl

X2=C2

X3=L3

¥v1=v(C1

v2=v(2

V3a¥v(3

IF(NTYPE.EQ.OINH]=NH1¢]

IFINTYPELEQ.LINH2aNH2¢]

THITaY

X1M=X1%12000.0

X2mM=X2%12000.0

XIM=2X3*12000.0

ViM=y1%12000.0

V2M=v2%12000.0

V3iMay3*12000.0

CONT [NUE

RETURN

END

SUBROUT INE NORMAL(EL.E2)

THIS ROUTINE USES METHOD OF BOX-MUELLER TO CENERATE RANDOM

VARIABLES WwITH STANDARD-NQRMAL OISTRIBUTION
A=6.2831853*RANDORI 3
E2=SQRT{-2.0%ALOGIRANDON{1)))

El=E2*COS(A)}

E23E2+SINLA)

RETURN

END

FUNCT JON RANDOM(N?
COMNON /SRANDM/ IX
SUM=0.0

00 3 I=I,N
IXe1X*65939
TFIIX) 1o 2,2
IX={X¢2147483564 121
RARD=IX

SUMaSUMSRAND
RANDOM=S5UM€0. 465661 3E-9
RETURN

END

111
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5.5 Heavy Michine Gun Eaplacenent Model

L. Basic Description

Ihe neavy machine gun emplacement model is a Monte Carlo simulation

ol a machine gun engaging two snemy svldiers (a machine gunner and an

assiszant machine gunner) positioned wichin a neavy machine gun emplace-

ment. fho model provides for the emplacement to be tilted to simulate

1ts position on various terrain slopes ({.e., level, rolling, hilly,

rountainous) and/or rotated to simulate various positions of the emplace-

ment relative to the firer. The assumed technique of fire in the simu-

lation 1s to range-in initially and then to fire a number of bursts until

a minimun level of effectiveness has been achleved against the machine

gun emplacement. A level of effectivaness is defined as the exp.cted

tract:en of enemy soldiers incapacitated within the heavy machine gun

enpidcerent,

The measure of effectivensss for the heavy machine gun emplacement

model are the average number of bursts (and hence expectaed numbei of

achieve the minimum

num

leve

-

of effectiveness and E(H).

the expected number of hits per target engagement. As computed by the

mcdel, these measures of effectiveness include the effectivenecs due to

the rounds fired both during and after the ranging-in process.

2. Assumptions in Modeling

The mathematical model assumed in this program 1s a modified version

of the squud model. Theremfore, all agsumptiong wade in the squad model

are made in the heavy machine gun emplacament model with the following

exceptions:

112




A machine gun is the only weapon system which may be evaluated
with the machine gun emplucement model,

The target configuration consists of two enemy goldiers (4 machine
gunner and an Jdgsistant machine gunner) positfoned within a heavy machine
gun emplacement. The machine gunner assumes a standing position in the
center of thue waplacement while the assistont gunaer assumes a kneeling
position to the left and in front of the machine gunner. The heavy ma-
chine gun position is illustrated in Figure 1 [4].

Figure 1 also presents the dimensions of the heavy machine gun
emplacement. Ffrom this figure, therefore, the length and width of the
emplacement are assumed to be 3,9624 meters and 3.8] meters, respectlively.
These values correspond to the length (RL) and depih (RW) of the rectan-
gular region in the squad program (i.e., the emplacement correspoends to
the rectangular region in the squad program).

A provision is made for the emplacement to be tilted to simulate
various terrain slopes. In addition, the emplacement may be positivned
pomg distance, DX, up the elopa. (In the squad model when the ground plaue
is tilted the front edge of the rectangular region lies on the horizontal,
i.e., no provision i{s made for the rectangular region to lie up the slope.}
(See Figure 2). It should be noted that 1if the terrain slope, ¢, equals
0° then DX equals O mecters,

The standing wan and kneeling man are represented by rxight circular

cylinders and approximiated by rectangles with the following dirensions:

standing man, 17.5 in. wide and 58.5 in. high; knceling man, 19,5 in.

@

@)

N
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wide and 309 in. high, Bowever, since the presented area of each man
varfes as the terrain slepe and DX vary, the actual dimensions of the
men assumud {n the program vary as the tarrain slope and DX vary.

The locations of the two men within the emplacement were determined
trom Figure 1l assuming the (a,3,y) coordlnate system used in the squad
moda! (Ref. AMSAA Technical Memorandum Ne. 33 [5]), the (a,y) coordinates
for the standing man are assumed tu be (1,143, 0,0M) and for the kneeling
man (= .8383M, .914iM),

The assumed technique of fire for the heavy wachine gun emplacement
model is identical in the ranging-in phase to the technique of fire assumed
in the squad model. However, the critecion fcr termination of ranging-in
is slightly different; that 1is, the firer continues to range-in until
either the centet of impact of the projectile has landed within the rectan-
gular reglon, or the firer has achlieved some minimum level of effectiveness.
After the vranging-in process, the firer does not sweep the ractangular
ragion, but instead he repeatedly fires one burst of rounds at one aimpoint
(whose a-cocrdinate is deteminsad during the range-in process and whose
v~-coordinate equals Q) until he has achleved the minimum level of effactive-
ness against the standing man. Although for each burst fired values of
P(L) are calgulated for both men in the emplacement, it is assumed that
the presented area of the kneeling man i3 so small that ha will not achieve
the minimum laevel of effectivenrss bafore the standing man. It is then
assumed that the machine gunuer and assigtant machine gunner exchange roles

and places (hencze, the assistant machine gunner assumes the location and
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dimensions of the machine gunner and vice versa). The firer then continues

to fire one burst of rounds at the emplacement unti} he has achieved the

minimum level of effectiveness against the new machine gunner,

3, Basic Formulas

The geometry used in tne gsimulation and the equations required for the

simulation in the heavy machine gun emplacement model are exactly the sarme
as 1n the squad model. The formulas used to evaluate the effectiveness
valuea for the heavy machine gun emplacement are also the same except for
the following:

For cach replication the total number of bursts fired during the
rangiag-in process NBH and the total number of bursts fired after the
ranging-in process NBA ave determined and then averaged over replication

to give TNB the average number of bursts required to achieve the ninimum

level of effectivaness, i.e.

NREP
TNB = I (NB + NBA)/NREP (
NR=1

where
NRE? = number of replications used for the Monte Carlo simulation.

It should be noted that NBA-O if the firer achieves the minimum leve of

effectiveness against those men during the ranging-in process.

Values of P(T}m the average probability of survivsl after NB,

ji

j-round bursts have been fired at the emplacement, are found as in the

3L

squad model (equation 3.21 4n the description of the squad model) except that

MS = maximum number of bursts (excluding the ranging-in
rounds) allowed the firer tu achleve the minimum level

of effectiveness
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NRA = nurmber of rounds per burst
NA = pumber ot aimpoints = 1

and NT = number of individual targets = 2

Then values ot fj, the number of casualties summed over all replica-~
ions atter m j-round bursrs have been fired at the emplacement are
determrined as

NREP

T e I (1-p(I)_,)/NREP mel, s-0 ,MS (3.2)
1 yrel ™3 4=1, +++ ,NRA

E(H)j‘ the expected number of hits per target engagement when NBA 3- round
butsts are fired at tie emplacement, 1s calculated in a similar manrer to
E(H)j (equation 3.2) in the description of the squad model) only using the

modifications required in calculating f4 above, That 1is

~

NREP NBA J 2
E(H), = L AT 1 we x P(W), /NREP Jal, =+« ,NRA (3.3)
3 NRel kel {w=l nel

1t shzuld be noted that ?j ar:d E(H)j include the effectiveness due to
the rounds fired both during and after the ranging-in process, For the
ranging-in phase of the target engagement these effectivenese values are

calculated exactly as in the squad model.
4, Notation and Units of Input and Output

Table 1 presents the parametersy required as input into the heavy ma-
chine gun emplacement program and the proper format statemeunts for each
paramater. The following notation was usad in presenting the format

statements:
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Table 1

(2 cavds/case and 1 trajectory card)

Input Pacameters for Heavy Machine Gun Emplacement Program

Symbol Parameter Units Columns Format
Trajectory Carxd
T(1) - 1-15 515.3
T(2) Cecefficients of round's - 16-30 E15.3
T(3) trajectury equation - 31-45 E1f.3
T(4) - 46-60 E15.3
T(S) - 61-75 E15.3
W Round identificaticn - 76=-80 AS
Card 1
NREP Number of replications/target - 1-5 15
angagsment
MZ Maximum number of bursts allowed - 6-9 14
to range-in
NRA Number of rounds/burst (<15) - 10-13 14
ANP Number of prpjectiles/round - 14-20 F7,2
FRE Component of standard deviation of - 21-27 F7,2
range estimation eryor, ¢ (o = PRE
X range)
YO Height of muzzle of gun above meters 28-34 F7.2
ground
TH Angle 8 radians 35-41 F7.2
PH Angle ¢ radians 42~48 F7.2
DX Distance along the slope of meters 4955 F7.%
front odge of machine gun am-
placement from horizontal
plane
119
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Table 1

AZ
GZ

XR

SAX

SAY

SCX

SCY

SPX

SPY

PHK

Drl

lnput Parameters {or Heavy Machine Gun Emplacement Program (Cont)

(2 cardg/case and 1 trujectory card)

Parameter
PR UL

Caxd 2

Maximum number of bursrts
allowed to achieve destired
level of effectiveness (:499)

(2,v) coordinates of ranging-in
point (relative to cencer of
rectangular region)

Range irom weapon to ceuter of
rectangular region)

P(L/4;

Mianimun level of aeftectiveness

120

Units

naters
meters

meters

mils
mils
mils
mils
mils

mils

Columns Format
1-4 I4
5-10 F6.2

11-1%6 F6.2
17-22 F6.2
23-28 Fe.2
29-34 F6.2
35-40 F6.2
4,1-46 F6.2
47-52 F6.2
53-58 ¥6.2
59-64 F6.2
65-70 F6.2

=

o




Aw alphanumeric field

Ew.d - real number with exponent

Fw.d - real number without exponent

Iw integer number

where field width

d - number of decimal places to the right of the decimal point.

The trajectory card, which gives the coefficients of the trajectory
aquaiion for the round under evaluation must be the first input card. All
cases use these coefficients and, hence only one round is evaluated per
run of the program. Each case requires two input cards.' It should be qoted
that the maximum values of NRA and MS given in Table 1 can be increased by
increasing the appropriate dimension statements in the program. Explana~
tions of some of the required input parameters are given in the description
of the squad model, Tue program is sensitive to the number of replicaticas.
Therefore, it 1s advised that NREF be iarge. The output for the heavy
machine gun program includes many of the input parameters, and the average
effectiveness values, {.e., ?,_the expczcted fraction of casualties and
E(H), the expected number of hits per target enjagement as a function of
number of rounds per burst, and the average number of bursts required to
achieve the minimum level of effectiveness. These valucs include effective-

ness due to the ranging-in process. Also givea: are the average number of

bursts required to range-in and f ard E(H) for the ranging-in process.

5. Numerical Example
One sample case was run using the heavy machine gun emplacement pro-

gram, For this example it was assumed that & vehicle-mounted machine gun
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firing 6 round bursts was engaging a heavy machine gun emplacement. 1he

emplacement was assumed tu be &t no angle with respect to the firer and

positiored on a flat terrain. The minimum level of effectiveness wzs .3,

Table 2 sresents the input parameters for the sample case and Table 3 pra-

sents these input parameters as they appeared on the input cards ‘or the
nogram. Table 4 presents the sample output for the numerical example,

This sample case was run on Balligstic Research Laboratory BRLESC com-

puter. Total running time was 2,29 min., while the compiling time was .67

minutes. The memory required was 31K,
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Table 2 Input Parameters for Numerical Example of
Heavy Machine Gun Emplacement Program

Parameter

Coxfficients of round's
trajectory equation

Round identification

No. of replications

Max. no of ranging-in bursts

No. of rounds/burst

No. of projectiles/round

Component of standard deviation of
range estimation error

Muzzle height

Angle o
Angle ¢
DX

Max. no. of bursts allowed

a coordinate of ranging-in point
Y coordinate of ranging-in point
Range

P(1/H)
Minimum level of effectiveness
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Assumed Values

+42111926E-2

+65395505E~5

+27588514E-8
0.0EO

+62596806E-15

5

1000

5

1

6

«25

2.5m

0 rad
0 red
100
Om
50m
14
1

o#

14

.80
30
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TABLE 4. Sample Output for Numerical Example of Hvavv Machine Gun
Emplacement Program

NUMBER OF MEN IN EMPLACEMENT = 2

MACHINE GUNNER WIDTH = 0,217M HEIGHT = (s344M
ASSISTANT GUNNER WIDTH = 0,038M HFIGHY = 0.073M
EMPLACEMENT WIDTHE = 3,81M LENGTH = 3,94M

EMPLACEMENT ORIENTATION = 0.00CRAD TERRAIN SLOPE = 0.000RAD

MUZZLE HEIGHT = 2.,500M

MINIMUM LEVEL OF EFFECTIVENESS = 0,30
NUMBER OF REPLICATIONS = 1CCO

HORIZ DELIVERY ERROR = 1.00MILS VERT DELIVERY ERROR = 1.00MILS
HORIZ PROJ OISPERSION = 1,00MILS VERT PROJ OISPERSION = 1.00MILS

 RANGING-IN PHASE

NUMBER OF BURSTS REQUIRED = 2,26 E(H) = 3,31 FBAR = 0.45!

SWEEP PHASE

RANGE PLI/H) NO OF NO RDS/ NG PROJ/ TOTAL E(H) FBAR
(M) AIM PTS BURST ROUND BURSTS
50. 0.800 1 1 6. 6.11 5.01 0.752
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SY-TN10~-70 5«5 HEAVY MACHIME GUN EMPLACEMENT MODEL 0CT.-70

THE HEAVY NG EMPLACEMENT MODEL IS A MONTE CARLO SIMULATION OF A
MACHINE GUN ENGAGING A HEAVY MACHINE GUN EMPLACEMENT., MEASURES
OF EFFECYIVENESS ARE ThHE AVERAGE NO OF BURSTS REQUIRED TO
ACHIEVE A MINI!MUM LEVEL OF EFFCCTIVENESS (THE EXPECTED FRACTION
OF ENEMY SOLOIERS INCAPACITATED WITHIN THE EMPLACEMENT) AND
E{H), THE EXPECTED NO OF HITS PER TARGET ENGAGEMENT,

ASSUMPTIONS

MOOIFIED VERSION OF THE SQUAD PHOGRAM

A MACHINE GUN IS THE ONLY WEAPON SYSTEM EVALUATED

TGT CONFIGURATION CONSISTS OF MACHINE GUNNER (S1ANDING)
ANO AN ASSISTANT MACHINE GUNNER (KNEEL ING) POSITIONED
WITHIN THE EMPLACEMENT (RFF ~ BRL MR NO 1067)

TECHNIQUE OF FIRE IS TO RANGE-IN INITIALLY AND THEN TC
FIRE A NO OF BURSTS UNTIL THE MINIMUM LEVEL OF EFFECT-
IVENESS HAS BEEN ACHIEVED (WHEN THE MIM LEVEL OF
EFFECT IVENFESS HAS BEEN ACHIEVED AGAINST THE MACHINE
GUNNER, THEN THE ASSIST GUNNER TAKES OVER)

USES CLOSEC-FORM TRKAJECTORY APPROXIMATIGNS

OIMENSION AT(100),GT{100),T(S5),EH(20),P{20,100),TEH(15),TFBAR(LS)
OIMENSICN ANGI21) yWM{2) HM{2)yWS(21)yWK(21)4HSI21)4HK(21)

DATA ANG ,000' .0‘036. o0873p ol309, ol "05'.2618903!‘91 ]
1e#3634052364.6109,.6981,78%45¢87275.9599,1.04725141365,1,221741.2

20909143963,1.4835,1.5708/

DA" HS /.1676' 021031 025301 02957003353|037‘09'061150042
167o.4389004481|04511'.4450|o4389|.4267|.4176oc4145'o3932'o36889032
2319.2865,4.2164/

DATA WK /402921003679 .04429eC%43940710901076+01539,,20

1489024579427 219¢9427984428901430429631364.32169¢3252,432314.3027,."7
2021427651.2512/ :

DATA HS /4243B9033539039629¢4420904724905486905%444.64
1019e67069068589.68581468958)467069.65539064019059449056399051824447
22449.39624.33%3/

DATA HK /405164007099 .0838ye137244182942.2591443200,.4C

139904801965639945946).6401) 066299469349 .71639a7315,¢7163,.6934,.,64
2019571545029/

INPUT DATA

READIS LIUT(L)yl=ly8)yW

FORMAT(S5ELS.3,A%)

READ(S ¢3)INKEP MLy NKRAJANP yPHE s YO, THoPH, UX
FORMAT(I5921400F7,2)

READ(S94)MS g AZyGLyXRySAKySAY, SLESCY s 5P X SPY  PHK yLP ]

FORMAT([4,11F6.2)

ONE AIMPOINT
NA=1

DIMENSIONS OF THE MG EMPLACEMENT (NUTE - THE EMPLACEMENT
CORRESPONDS TO THE RECTANGULAR REGION IN THE SQUAD PROGRAM) -
BRL MR NO. 1067

RL - LENGTH OF EMPLACEMENT
RW =~ WIDTH OF EMPLACEMENT
RL=3,9624
RW=3.81 126
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56

COORDINATES OF MEN IN THE EMPLACEMENT RELATIVE TO THE CENTER OF
EMPLACEMENT (NOTE = BT(N) = 0.0} - BRL MR NO. 1C67
1 - MACHINE GUNNER (STANGING MAN)
e 2 - ASSISTANT MACHINE GUNNER (KNEELING MAN)
s
TN8=0.0
ERZ=0.0
EH1=0.0
FBAR2=0,0
RN=NREP
CO 5 J=1,NRA
TEH(J)=0,0
TFBAR{J)=0.0
STHa2S IN(TH)
CTH=COS{TH)
SPH=SIN(PH)
CPH=COS(PH)
YR S5¥RW+DX)*SPH - ——
DIMENSIONS OF MEN IN THL EMPLACEMENT (NOTE -~ DEPENDS ON THE
TERRAIN SLOPE AND ON DX. HENCE, ON THE PRESENTED AREA UF THE MEN
RELATIVE T/ THE FIKEK)
WM - WIDTH GF MAN
HM - HEIGHT OF MAN
DO 285 NR=]1,NREP

CoDE
111 = O MINIMUM LEVEL OF EFFECTIVENESS NOT ACHEIVEOD
AGAINST 80TH MEN
[I1 = 1 MINIMUM LEVEL OF EFFECTIVENESS ACHEIVED AGAINST
BOTH MEN
I11=0 ’

IF{YR.GE.YO)GOTO 55
ANGL=ATAN((YO-=YR)/XR)

CALL OVOINTU{ANGLyWM(1)4ANGyWS,21,2)
CALL OVODINT(ANGLsWM{2) ANGyWK,21,2)
CALL OVDINT{ANGL HM{1),)ANG,HS,21,2)
CALL DVUINT (ANGLoHM{ 2) g ANGyHK 21,2}
GGTO 56
HM{1)=,3048-1.143%(YR-YQ)/XR
IFIHM(1)eLE.QOO)RM{1)=04.001

CALL OVCINT(HM(1)oANGLyHSyANGy21,2)
CAEL OVCINT(ANGL,WM{1),ANGsWS,21,2)
WML21=0.001

HM{2)=0.001

SP1=0.0

GW=wWM{l)

GH=HM{ 1)

Awz=nM(2])

AH=HM(2)

CODE
1 MINIMUM LEVEL UF EFFECTIVENESS NOT ACHEIVED

AGAINST EITHER MAN
2 MINIMUM LEVELL OF EFFECTIVENESS ACHEIVED AGAINST

MACHINE GUNNER

IQ

1Q

10=1
12=1

AATAZ

GA=GZ

LLxMZ

VI=YR+AZ#SPH

XZ=XR4ALSCTH#CPHAGZ #STH 127
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YZ=YR+AZ*SPH
122 -AZ*STHeCPHeGLZ*CTH
CALL NRAN31(TN1,TN2,1)
QA=PRESSQRT (XZ2##24(Y2-Y0)3%2+278%2)%TN]
AT(1li=1.143
GT{1)=0.0
AT(2)=-,8382
GT(2)=,3144
00 7 JslsNRA
EHLJ)=0.0
PlJeld=1.0
Plue2)=1.0
NBx1 -
NUMBER OF BURSTS LOOP (NOTELl - AFTER RANGING-IN PROCESS.
NOTE2 - CORRESP TO ND OF SWEEPS LCOP IN THE SQUAD PROGRAM)
CO 28 M=]1,MS
NUMBER OF AIMPOINTS LOOP
N LL = MZ FOR RANGING~IN PROCESS
LL = 1 FOR AFTER RANGING-IN PRQCESS
CO 23 L=]l,LL
X1=XReAASCTHECPH+GASSTRH
YIaYRSAASSPH
Li=-AASSTHOCPH+GA®CTH
CHI=ATAN(ZI/X])
SCI=SIN(CHI)
CCI=COS(CHI)
TA=ATANC(YI-YO)/SQRT(XI*e2+2]822))
STAsSIN(TA)
CTA=COS(TA)
CVMaSQRT{X{*82+(YI~-YO)**2421%¢2)/1018.59
IF(12.EQ.1ICVYM=CYM+QA/1018.59
SXA=SAXeCVM
SYAnSAY*CVH
SXCuSCX*CVM
SYCaSCY=*CVYM
17{12.,€6Q.3)GC70 10
UIa(XI+QASCCI*CTA)*CCI+{Z1+QASSCIsCTA)®SCI
XIaUl=CC]I
Yiav]
Ii=ylesCl
TA=ATAN((YI-YO)}/SQRT(X]I%e242]1%22))
STAsSIN(TA)
CTA=COS({TA)
QA=0.0
CALL NRAN3I(RNL1,RNZ2,1)
00 19 MM=1,NB
CALL NRAN31(SN1,SN2,1)
RAsSYASRN1+SYC*SN1
SAsSXASRN2+SXC*®SN2
XA X [+QASCCISCTA-RASCCI*STA~-SAsSC]
YAsYI+QA®STA+RAS(CTA
ZAsZ1+QA*SCIsCTA-RASSCISSTA+SASCCI
CHAsSATANIZA/XA)
SCA=S IN{CHA)
CCA=COS{CHAR)
UAsSXASCCA+IA®SCA
VAsYA
An=(CPH®92+ (CTHSSPH®SCA+STHESPH¥(CA)*s2)
BxCPHE (| ~-CTHSSPHECCA+STHESPHESCA)
Ca{~CTH®SPHECCA+STHESPH*SCA IS (CTHSSPHR SCA+STHSSPH®CCA)
IF(12.EQ.3)GOTO 13 128



11

12
13

14

15

16

170

270
171

17
18

AL=-CTH®SPH*CCA+STH*SPN®SCA

AM=(CPH

ANaCTH*SPH®SCA+STHRSPH®( (A
DC==(AL*XR*CCA+AMRYR~LN®XR®SCA)

GO TO 12

122

AL=0,0

AM=21,0

CGa~-YR

CALL ATRAJIUALUAGZVA,T,ALoAM,DG,YOQ,UB,VB)
IF(VB.LT.-0.01)G0TO 11

0O 19 N=1,2

UC=0,.0

VC=0,.0

wC=0,0

CL=0.0

CH:OQO

CN=0.0

8T=0,0

00 16 JJ=1,2
UT=(XR4ATIN)€CTH*CPH~-BT2CTH®SPH+GT(N)*STH)*CCA+
1{=AT(N)*STHSCPH+BT*STHSSPH+GTIN)*LTH)#SCA
VI=YR+AT(N)*SPH+BT*CPH
WTm={XR+ATIN)SCTH®CPH=-BTSCTH*SPH+GT(N)*#STH)*SCA+
L{=AT{N)*STHSCPH+BT#STH*SPH+GT{N)*CTH)®CCA
GOTO(14415) 44

CT=~(A*UT+BsYT+CoWT)
CALLATRAJI(UTLUA VA, T,A,B,DT,Y0,UP,VP)
CyM=SQRT{UP**2¢(VP-Y0)*#*2)/1018.59
SXP=SPX®CVM

SYP=SPY*CVM

DMAX24 ,0¢SPX*SQRT(UT**2+(VT-Y0)e#2)/1018.59
IFCABS(WT)=-WM(N)/2.0.GT.DMAX)IGOTO 17
CS==(UPs#2+VPR(VP~-Y())

CALL ATRAJ‘UT'UT,VT'T'UP,VP'YO,DSQYCyUQv,
UC=UC+.5%U

VC=V e+ 5%V

WC=WC+.5%0WT

CLa~CL+U

CM==-CM+V

CN==CN+WT

BT=HM(N)

HPM=SQRT(CL**2+4CMe*2+(N#22)
YBAR=(CL*{UP-UC)+CM*{VP--VC)~-CN*uC)/HPM
CHEXR={UC-UP)*®24(VC-VP )22 24HC**2-YBARS®2
IF{CHEXR) 170, 170, 270

XBAR:O. -

GO 7O 171

XBAR=SQRT!CHEXR)

IF({WC.GT0.0) XBAR=~XBAR

He {ERF{( .S*WM(N)~XBAR)/SXP)-ERF((~oS*WM(N)=XBAR)/SXP})®

1(ERF{(.5%HPM=YBAR)/SYP)=ERF((~.5%4PM-YBAR)/SYP))
SPa(]1.0-PHK®H)S2ANP

GO TO 18

$P=1.0

H=0.0

CO 19 J=MM,NRA

EH{J)I=EH{J)+ANP*H

IF(P(JyN)LE.1.0E-20) GO TO 1§

p(J9~)5p(J1N)'SP

19 CONTINUE 129
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195

196

197

198

20

21

23

24

244

25

26

——

IF{I2eLTa3sAND.P{141Q)eLEL.(1.,0-0PI)} GO TO 165
GOT0(20421,23),12
WW=WM(]1)
FH=HM( 1)
WM{1l)2wM(2)
HM{ 1 I=HM(2)
WM{2) =W
HM{2)sHH
XX=AT({1)
YY=GT{1)
AT{1)=AT(2)
GT(1)=GT{2)
ATL2)=XX
GT{2)=YY
1IF(IQ.EQ.2) GO TO 196
1Q=2
GC TO (20421,423)¢12
CO 198 J=1,NRA
.$PS=0.0
0O 197 N=1,2
SPS=SPS+P(JN)
SPS=SPS/2.0
TEH(J)=TEH(J)+EHIJ)/RN
TFBAR{J)=TFBAR(J)+{1.0-SPS)/RN
I1l=1
GO TQ 244
AB=(UBSCTHOCCA-UB®STHSSCA-XR*CTHISCPH+SPHR[VB-YR)
GB8=UBSSTH®CCA+UBSCTHESCA-XROSTH
IF{=RW/2¢0¢LEcABsANDABLE.RWN/2,0.AND.-RL/2,0.LE.G3
1«ANDGB.LE.RL/2.01G0TO 24
XB=UBsCCA
YB=VB
18=UB*SCA
CALL NRAN3L1(TN1,TN2,1)
QA=PRESSQRT({XZ-XB18824(Y2-YB)*#24(22-ZB)*%2)¢TN]
I1=]
CONT INUE
1FLI2.EQ.3)GOTO 26
L=sL-1
[2=3
LL=1
CALL ATRAJ(UIL UT,VIoT,AL,AM,DG,YO,UZ,V2)
AA=(UZSCTHRCCA-UZSSTH®SCA-XR®CTH)*CPHeSPH®(VI~YR)
GA=0.0
ERI=ERZ+FLOAT(L)/RN
QA=C.0
00 25 N=1,2
SPL=uSPLl+P(14N}/2.0
EHISEHZ+EH( 1) /RN
FBARZ=FBARZ+(1.0-SP2) /RN
NB=NRA
GO TO (285,285,9),12
GA=0.0
0O 276 K=1,NRA
IF(K.LT.NRAIGOTO 276 _
CHECK TF P(1) FOR MACHINE GUNNEK IS LESS THAN OR EQUAL TO THE MIN
LEVEL OF EFFECTIVENESS (NOTE ~ CHECK MADE ONLY ON P{1) ACHEIVED
FIRING NRA-ROUND BURSTS)
IFIP{NRA,IQ}GT.(1.C-DP1))GOTO 276
MACHINE GUNNER EXCHANGES PLACES (HENCE (POSTURE) WITH ASSISTANT
GUNNER) 130



274 WHWEWM{1)
HH=HM{1)
KMU1)=WMI2)
HM{1)=HM( 2)
WM(2)=WW
HM(2)=HH
XX=AT(1)
YYaGT(1)
AT(1)=AT(2)
GT(1)=6T(2)
AT(2)=xX
CTI2)=YY
IF(10.EQ.2) GO TO 275
1Q=2
GO TO 27% ‘
AVERAGE NO OF BURSTS FIKEG AFTER RANGING-IN PROCESS (NOTE-DOES NOT

INCLUZE BURSTS FIRED OUKRING RANGING-IN PROCESS) - TEXT EQN 3.3
275 1F(12.EQ.3)TNB=TNB+FLOAT(MI}/RN
00 273 J=x1,NiA

5¢5=20.0
P{JyN)=SURVIV PROB OF N~TH TGT MHEN J RDS/BURST ARE FIRED, AND

SPS=SURY IV PROB AVG OVER TwWO MEN.
CO 27 N=1,2
27 SPS=SPS+P(J4N)

SPS5x=SP5/2.0
NUMBER OF TIMES M BURSTS WERE REQUIRED (IN ADDITIOM TC THE RANGING

IN BURSTS) IN ORDER TO ACHIEVE THE MINIMUM LEVEL OF EFFECTIVENESS
TEH(J)=TEH{JI*EH(J)/RN
273 TFBARIJ)I=TFBAR(J)I*(1.0-SPS5}/RN
111=1
GO TO (244,244,276)412
276 CONTINUE
IF(ITI.EQ.1)GO TO 285
28 CONTINUE
IF(ITI.EQ.O)TNB=TNBOFLOAT(M=-1)/RN
285 CONTINUE
CUTPUT DATA

WRITE(6+291)W

29 FORMAT(LlH ,37X,A5)
WRITE(6,30)

30 FORMAT(1HO)

WRITE(6,31)

31 FORMAT(IH ,22X,32HNUMBER OF MEN IN EMPLACEMENT = 2)
WRITE(6,32) GW,yGH

32 FORMAT(LH 914Xy 14HMACHINE GUNNERSXy THWIDTH =,F6.3,1HM,2X,
18HHEIGHT =,Fb6.3,1HM)
WRITE(64325)AW,AH

325 FORMAT(LlhH 413X,16HASSISTANT GUNNER ,5Xs 7THWIDTH = ,Fb.3,1HM,2X,
18HHEIGHT =,F6.3,1HM])
WRITE(6533)RWRL

33 FORMATI(IH 217X, 11HEMPLACEMENT SXy THWIDTH =,F8.,291HM,2X,
18HLENGTH =4Fb6.2¢ 1HM)
WRITE{6434)TH,PH

34 FORMAT({1H 45X 25HEMPLACEMENT ORIENTATION =,F7.3,3HRAD,X,
LISHTERRAIN SLOPE =,F74Js3HRAD)
WRITE(6,35)Y0

35 FORMATI(1IH 928Xy 1SHMUZZLE HEIGHT =24F7.341HM)
WRITE(6:355)0P1

355 FORMAT(1H, 21X, "HINIMUM LEVEL OF EFFECTIVENESS =*FS5,2)
WRITE(O,36INREP

36 FORMAT(1IH $25X¢24HNUMBER OF REPLICATIONS =,15) 131
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37

3B

39

«0

41

42

43

44

[aXa RaRalNel

5
46

47

31

41
22

21
441

443

WRITE(6,137)

FORMATY(1H )

WRITE(6,38)5AX,SAY

FORMAT (1M +5X,22HHCRIZ DELIVERY ERRQOR =,F&.2,4HMILS,
15421 HVERT DELIVERY ERHROR =4F6e2¢4HMILS)
WRITELL,39)SPX,SPY

FORMATI1H 44X423HHORIZ PROJ DISPERSION =,F6.244HMILS,
15X ¢ 22HVERT PI'OJ DISPERSION =,F6.2,4HMILS)

WRITE(G6,30)

wWRITE(6,30)

wRITE(6,40)

CURMAT(LIH 231Xy LOHRANGING=IN PHASE)

WRITE(6,30)

WRITE{O9y41)ERZJEHLZ FBARZ

FORMAT(LH +5X,27THNUMBER OF BURSTS REQUIRED =,F6.2
16X 6HEIH) =2,F6.236X986HFBAR 39F6.3)

WRITE(6,30)

wWRITE(6,430)

WRITE(b,42)

FORMAT(1H 434X, L IHSWEEP PHASE)

WRITELS,30)

wRITE(6,43)

FORMAT(1H 44X, T2HRANGE P(I/H} NO OF NO RDS/ NC PROJ/ T
1CTAL E(H) FBAR)

WRITE(6,44)

FORMAT(LH ¢5X,62H(M) AIM PTS BURST RCUND 8u
1’S7TS }

EFFECT IVENESS VALUES
TNB ~ AVERAGE NJMBER OF BURSTS FIRED (INCLUDES RANGING-IN

AFTER RANGING-IN) (TEXT EQN 3.1)
TEH(J,MNB) - E/H) (TEXT EQN 3.5)
TFBAR{JyMNB) - FBAR (TEXT EQNS 3.2 AND 3.4)
INB=TNB+ER?Z
WRITE(6,430)
DO 46 J=1,NRA
WRITE(6445)XRyPHK ¢ NA9gJyANP o TNBo TEH(J) o TFBAR(J)
FORMAT(1H 93X gFS5.003XgF6e394XolagTXy1396XeF5.005XeFTe292X9FTe293X,
1F7.3)
CONT INUE
WRITE(6447)
FORMAT(1H1)
GOT0 2
END

SUBROUTINE DVDINT(XeFXyXToFToNPyNOD)
DIMENSTION XTINP),FTINP),T(16)

N=ND '

Nl=(N=1)/2

N2=N/2

N3=NP-N2+1

[FINP=N)30,641,4"

NeaN1+2

TFUXYUL)=XT(2))22480,60

CONT INUE
IF(X=2.8XT(1)4XT(2))20,20,21
TE(X=2.#XT (NP ) +XTINP=1))441,441,20
TF{NP.LT.10)G0 TO 42

NSaNP=N ;

NS=NS/2

N6=N4+N5 132
TE(XTING) LT X )NGaNG



42
43
44

45

46

10

11

12

20
50

30
51

60
61
721

723

72
T4
80
52

[IFINS.GT.1)GO TO 443

IFIX=XT{NG))&5,43,42

IF(Ne=N3)4b& 45,44

N4zN&+]

GOTOD 42

N4=N4-1

N5=N4=N1

CO461I=1,N

T(I)=FT(NS)

NS5=NS+]

L=(Ne+l)/2

TR=T(L)

N6=N&4

NT7z=N4e ]

JuU=1

N2=N~1

UN=1,0

£C012J=1,N2

NS=N&4-N1

N3=N-J

DO91=1,N3

N8=NS +J

T =(TLL+1)=-T(L))/UXT(NB)-XTI(NS))

N5=NS+1

GOTO(10,11) 43U

UN=UNS(X=XT(Ng&))

JU=2

N6TN6~1]

GOTO 12

UN=UN*{X=-XT(N7))

Ju=1l

NT=NT ¢l

L=nl-]

TRaTR+UN®T (L)

FX=TR

RETURN

WRITE(6950) XeXT(1)XTINP)

sSTOP
FORMAT({23H ARG, NOT IN TABLE X= ,Elé 7,94 XT{(l)= ,
Ela.Ty10H XTUINP)= LE14.7+2Xy6HDVDINT)

WRITE(6+51) NP,NO

FORMAT(22H TABLE TOO SMALL NP= I5,6H ND= oI592X¢6HOVDINT)

STOP

[F(X-2.#XT({1)+XT(2))61,20,20

TFIX=2 . #XTINP)#XT(NP-1)120,721,721

IFINP.LT.10)G0 TO 72

NS=NP-N

NS=NS/2

N&6=N&+NS

IFI(XTING)aGT <X ING=NS

IFINS.GT.1)GOQTO 723

IF(X=-XTIN4))T3,73,445

IFING=-N3)T4,45,74

Ne=N4+]

GOTO 72

WRITE(6,52) XT(1l)

sTCOP

FORMAT(23H CONSTANT TABLE XT{)l)= 4E14.792Xs6HDVOINT)

END '

FUNCTION URAN31(I1) 133



11
10

IFL1110,11,4,10

Ia1iltllll

J= |

J=J*25
J=J-(J/767108864)867108864
JuJe25
Jel={J/767108864)%¢£7108864
J=js5
JaJ-(J/767108864)%67108864
Al=J

1=J

URAN31=241/767108864.
RETURN

END

SUBROUT INE NRAN31(X1,X2,1)
X3=SQRT(-2.0*ALOGIURANILIT)))
X626,28318530728%URAN3L(T)
X2=X3%SIN(X4)

X1=2X3¢C0S(X&)

RETURN

END

FUNCTION ERF(X)

NGRMAL DISTRIBUTION FUNCYION. SAME AS NDF AND FORAST N.D.F.

F=0.

AX=ABS(X)

IF{AX.GE«5.)GOTO 3
Fr{{(((+5383E-5*AX+.488006E~-A)*AX+.380036E~4)*AX
+.00327TT6263)1¢A%X+,02114100611%AX+,0498673469)8AX+1,0

F=,5/(({Fse8 )s%2)

IF{XeGE«Qe)F=]l,.~F

ERF=F

RETURN

END

SUBROUTINE ATRAG(E.WeVeT9AA,8B,CCyYO0,DD,EE)

CIMENSION T(5}) '

X=E :

TANS (V=YO=T(L) )/ W=WS{TI2)+We(T(I)+We(T(4)+WET(5)})]))

FuBBO{YO+T (LI XS {TANSXE(T(2)+X®(T(A)4XE(T(4L)+X*T(5))))))eAASX+CC
FF=BB*{TANX2(2.0%T{2)eX*(3,0%T(3)eX6(4,08T(A)+Xe5,0¢T{5)))))+AA
FFF=BB®(2.,00T{2)+¢X®({6.08T{3)¢X8(12,0%T(4)+X320.,0¢T(5))))

XX=X

XaX={F/FF)®(1.0+F*FFF/(2.0%FF%22))}

IF(ABS(X=XX).GTCa01)GOTO 1

CO=X

EE=YO+T{L)eXS(TANSXS(T{2)+X*{T(3)+X%(T(4)+X2T(5)))))

RETURN

END
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5 6 Hidden Pcoint Tarzet in Area Model

1. Basic Description

The hidden point target in area model {s a Monte Carlo simulation of
a weapon system engaging an individual soldier (i.e., a point tavget) hidden
in an area. The assumed technique of fire is for the firer to make one
sweep of the target area with a full automatic extended burst, P(I), the
expected probability of incapacitating a hidden point target with at least

one round per burst, is the measure of effectiveness considered.

2. Assumptions in Modeling

At present very little definitive test data exist and no published
efiectiveness model is available for evaluating automatic rifle or machine
gun fire in the sweep role. All assumptions made in the hidden point target
in area model and the model itself are based on some limited dispersion data
obtained for the Ml4, M16 and SPIW rifles fired from a standing pcsition at
relatively short (250-500 inches) ranges.

The mathematical model assumed in the hidden point target in area model
is a type of Markov process. In a Markov process the Kth event in a series
of events is only dependent on the (K-1)st event. In this model, it is
agsumed that the horizontal (x) coordinate of each round in the burst (sweep)
can be defined as a Markov procéss (i.e., the x coordinate of the Nth round
is only dependent on the x coordinate of the (n-l)st round). However, the
Markov process is not used to define the vertical (y) coordinates of the
rounds in the burst. It is assumed that the y coordinates are independently

distribuced.



Severz! other assumpiions made in this model are:
a. ~ae x coordinates of the rounds in the burst are exponentially

distributed.

b. The y coordinates of the rounds in the burst are normally dis-
tributed.

¢. The x and y coordinates of the rounds in the burst are independ-~
ently distributed.

d. Tha are? in which the individual soldier (target) is located is a
vertical plane. That is, it is assumed that the firer knows the range to
the target.

e. The individual soldier is represented by a vertical rectangle
whose bagse {s located on the horizontal ground plane within a known width
of the vertiral plaue (target area). Figure 1 presents a typical target
contiguration for the hidden point target in area model. -

£. The individual soldiar is uniformly distributed in the horizontal
direction. The location of the soldier is determined at the start of
each xeplxcatioﬁ and remains fixed throughout the replication ({.e., the
soldier does not change his location as the firer sweeps across the target
area).

I Tbe model does not account for projectiles that ricochet.

h. The technique of fire assumed 18 for the firer to make one sweep
of tne target area with a full automatic extended burst.

i. One replication of the Monte Carlo simulation consists of fixing

the location of the soldiar within the target area, determining for each
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round 1 tine purst the locatiun of the round, whether or not it hit the
target, and 1t :t did hit the target, whether or rot it incapacitated the
target. The repllcation ends when eltlier the target is incapacitated or

all the rounds in the burst have bgen fired.

3. Bastic Formulas

~ The origin of an (x,y) coordinate system is located at the lower left
corner of the target area (Figure 1), The y coordinate of each round in
a burst (uweep) is assumed tn bs normally distributed about “y =y, the
mean vertical coordinate for that burst (sweep), and ; 1s assumed to be
normally distributed about u; - ;, the mean vertical coordinate of ¥y
(i.e., {f several sweeps have been made and a ; calculated for each sweep,
ther ; is the mean ¥ over all sweeps). dy is the standard deviation of

the y coordinate of a round about y and s is the standard deviation

of y about y.

It (x ) are the coordinates of the ith round 1n a burst, then Ly

1Yy
18 defined as

;x R O Xi-1

and is assumed to be exponentially distributed, that 1s

f(ix) .l mex/a b > ©
A
>0
It can be shown that
4x = -A In (1-2) (3.1)

wvhere
ox

z . J f(t)de
Q
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T = e

and 2z 4is unifurely distributed over the unit interval. Since .4x, the
aean of 4x, and <ox, the standard deviaticn of &x  about wulx, both equal
the unknuwn paraneter A in the exponentiual distribution, the estimate

assamed in the modul fur A 1S

ix X (3.2)

If (z ,yg) are the courdinates of the initial aim point, then (xl,y‘),

the coordinates of the first round in a burst, are

X, = %, = A ln (1-URN,) (3.3)

y. = NRN_ 2+ u

« ¥ — + ‘\.RA\' c— (3‘A)
x Py Y 2y

where URKi (i=1,2, +++) is 3 unifor~ randum nusmber such that 0 < CRNi < land
&RLL (i=i,Z, ***) are selecied nornai rance. nuxsers such that -4 7 NRNi < a.

) X . th .
In peteral, the coordinates of <he & round In a4 burst are

I T A la (l-URNZ) (3.5)
= RN - - NR? - .
Y NR Jy . + NRN cy (3.6)

It should ke acied that for any given burst y s :ixed and therefore, c—
Y & y y

is multiplicd by the same normal random number (ewns. 3.4 and 3.6).

The horicontal coordinate Xr of the center base of the rectangular

approximazioun to the individual scldier is

X, @ UKNi wR (3.7)

T
where

WR = width oif the target arca
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P(1), thae expected probability of incapacitating a hidden point targec
with at least one round per burst, is calculated in cthe following mannar:
For each replication, j, the (x,y) coordinates of the first round
in a burst are determined and a check made to see if that round hit the
target, If Lt did hit the target, then it is assumed that the target is

incapacitated (i.e., P(L)j = 1.0) Lf

URN, < P(L/H) (3.8)

where P{I/H) = probability of incapacitating the target given & random hic.
Otherwise, (i.e., 1if URN1 > P(I/H) and the target is not incapacitated or
the round did not hit the target) the coordinates for the second round in

the burst are determined and a check made to see if it hit and/or incapaci-
tated the target. This procedure is continued until either the target is
incapacitated (in which case P(I)j = 1.0) cr all rounds in the burst have
been investigated and none have incapacitated the target (in which case |
P(I)j = 0.0). It should be noted that since P(I)j ls the probability of
incapacitating the target with at least one round per burst, once a round

has incapacitated the carget there is no need to consider the remaining

rounds in the burst.

Values of P(l}, are found for each replication and then averaged over

3
all replications to give P(I), that is

NR
P

p(ry = 24—~ (3.9
NR

where
NR = number of replicationsg.
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= Noialew onel eUs g Lapue and Qutput
Tuble | presents the parameters required as input into the hidden point
target 1. arca progran and the proper forimat statencnts for each pararcter,

The following notation was used in presenting the format statements:

fw.d - real numter wichout an exponent, i.e., floating point

1w integer number
where . _ fleld width

d - number of decimal places to the right of the decimal point

The unirs of the parameters are not re#cricted. The only requirement is that
for zach case they must be consistent (e.g., all parameters in meters). Each
case requires one input card. Similar information is presented in Table 2
for the output of the program,

Values for the width and height of the rectangular approximation of the

target as a functipn of the position of the men are given in Table 3.

5. Numerical Example

One sample case was run using the hidden point Larget in area program.
Table 4 presents the input parameters for the sample case and Table 5 pre-
sents these 1nput parameters as they appeured on the input cards for the
program. Table 6 presents the sample output for the numerical exauwple.

This sample case was run on the Ballistic Research Laboratory BRLESE
computer. Total running time was .51 minutes while the compiling time was

.13 minutes. The memory required was SK.
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SX

SY

X0

YO

PHK

SYB

lable | Japuc Paramaters for Hidden Puint Target

in Area Program

(1 Card/Casa)

Parameters

Number of replications
Number of rounds/sweep
Range
Width of target area
Width of target
Height of target
3.

«X
]

.

(x,y) cocvdindtes of initial
dimpcint

P(1/H)

bx

“y
o—

*lu - linear units

142

Units

lu*
lu
lu
lu
lu
lu
lu

1u

lu
lu

lu

Column

1-5

6-10
11-16
17-22
23-28
29-34
35-40
41-46
47-52
53-58
59-64
65-70
7i-76

77-80

Format

15

15

F6.0
F6.0
F6.0
F6.0
F6.0
Fé6.0
F6.0
F6.0
F6.0
F6.0
F6.0

F4.0



Symbo!

SX
SY
X0
YO

PHK

SYB

PK

Tapic 2 uvatput Parameters for Hidden Point Target
in Area "rogram

-

Cr T e

Parameters

Number of replications
Number of rounds/sweep
Range

Width of target Area
Width of target

Height of target

3

ix

c
y

(x,y) cooidinates of initial
Almpoint

P(I/H)

Lx

u—

c--

P(I)

i)

Lnits

lu*

lu

lu

lu

lu

lu

lu

1u

lu

1u

1lu

lu

Column

1-6

7-12
13-18
19-24
25-31
32-38
39-45
46-52
53-59
60-6€
67-73
74-80
81-87
88-94

95-101

Format

16

16

F6.0
F6.2
F7.3
F7.3
F7.3
F7.3
F7.3
F7.3
F7.3
F7.3
F7.3
F7.3

F7.3



Table 3 Dimeasion of Target
(Rectangular Apprpximation)

width
Position (in.)
standing ' 17.872
Kneeling 19,500
Prone 26.000

144

Height
(in.)

58.491
33.874

13.887



Table 4 Input Parameters for Numerical Example
of Hidden Point Target in Area Program

Parameters

No. of replications
No. of rounds/sweep
Range

Width of target area
Width of target
Height of target

]

tx

(o]
v

x rcoordinate of initial aimpoint

y «coordinate of initial aimpoint

E(I/H)

“Lx

145

Assumed Values

1000
12
500 in.

96 in.
6.6 in.
3.5 1in.
7.35 in.
6.86 in.
O in.

0 in.

.50
7.72 1in,
-2.43 in.

3.5 in.
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NR
1000

~ X0
0.000

Table 6

Sample Uutput for Numerical Example of Hidden

Point Target in Area Program

12 $00.

YO P{I/H)
0.000 0.500

* In single row

WR W
1 96.00  6.600

Q S
7.720 '2.‘30

l4o

3.500

sys
3.500

SX
7.050

P(I)*
0.054

SY
6.860
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JCB 'LMG MODELS' ,XP=29,TIME=300

SY-TN10-7Q 5.6 HIDDEN POINT TARGET IM AREA MOOEL OCT.~70

THE RIDCEN FT TOT IN AREA PROGRAM 1S A MONTE CARLO SIMULATICN OF A
WEAPCN SYSTEM ENGAGING AN INDIVIDUAL SOLDIER HIDDEN IN AN AREA,
MEASURE OF EFFECTIVENESS 1S P(1), THE EXPECTED PROBABILITY OF
INCAPACITATING A TARGET WITH AT LEAST ONE ROUND PER BURST.

ASSUMPTICNS

HORIZONTAL (X) COORDINATES OF EACH ROUND IN THE BURST
(SwEEP) IS DEFINED AS A MARKOV PROCESS (THATY IS, THE
X~-COORDINATE OF THE NTH ROUND ONLY DEPENDS ON THE
X—-CUOROINATE OF THE (N=1)ST ROUND)

VERTICAL (Y) COORDINATES OF EACH ROUND IN THE BURST
(SWEEF) ARE INDEPENDENTLY DISTRIBUTED

X~COORDINATES OF THE ROUNDS ARE EXPONENTIALLY DISTRIBUTED

Y-COORDINATES OF THE ROUHDS ARE NORMALLY DISTYRIBUTED

X AND Y COORDINATES OF EACH ROUND ARE INDEPENDENTLY DISTR

HIDOEN TGT REPRES HY VERTICAL RECTANGLE AND UNIFORMLY
DISTRIBUTED IN THE HORIZONTAL OIRECTION WITHIN TGT AREA

FIRER SWEEPS THE TARGET AREA WITH A FULL AUTOMATIC BURST

HIDOEN TARGET IS LOCATED IN A VERTICAL PLANE

CQES NOT ACCOUNT FQOR ROUNDS THAT RICOCHET

DIMENSION X{100),Y(100)
INPUT CATA
READIS ¢ 2 INR Ny R WR¢W yHySXySYy X0y YO PHK Q1 S»SYB

FORMAT(215,11F6.0:F4.0)
ESTIMATE OF UNKNOWN PARAMETER (A) IN THE EXPONENTEAL DISTRIBUTION

TEXT ECN 3.2
As{(Q+SX)/2.0
1=0
PKs0 .0
ub 7 J=xl4NR

X-COORDINATE QF CENTER BASE OF HIDOEN TARGET (MAN) (NDTE
-YT=0,0) TEXT EQON 3.7
XT=URANIL({I) Wk

CALL NRAN3IL(YB,yYY,1) .

{XeY) COGKOINATES OF FIH/ST HOUND IN THE BURST — EQNS 3.3 AND 3.5
X{1)=X0-A*ALOG(L.0-URAN3LIIT))
Y(1)=SYsYYeSeYR#5YB

00 % K=1,N

CHECK IFf THE KTH ROUND IN THE BURST HIT THE HIiDDEN TARGET
IF(XT=W/2:0eLEaX{K)eANDXIK) JLEXT¢W/2.0.AND2 040 LEYI{K).AND.Y (K],

1LELH)GATC 3

GQOTO <

CHECK IFf THE KTH ROUND IN THE BURST INCAPACITATED THE HIDOEN TGV

TEXT ECN 3.8
TF(URANILILT).LE.PHKIGOTO &

CALL NRAN3ILIXX,YY, 1)
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(2R aNalal

11
10

{X,¥) COORDINATES OF THE (K+1)ST ROUND IN THE BURST - TEAT EQN 3.5

X{Kk+1)=X{K)-A*ALOG(1.0-URAN3L{T))
Y{Kel)=SYRYY+S5+YR*SYR

AK=0.0
GOTQ 7
AX=1.9

EFFECTIVENESS VALUES
AK = 0.0 TARGET IS NOT INCAPACITATED
AK = 1.0 YARGEY IS INCAPACITATED
PK - PLT])

PK=PK+AK/FLOATINR)

QUTPUT DATA
WRITE(6,8)

FORMAT(LH »120H NR N R WR W
15X Sy X0 Y0 P/} Q S
2y )

HRIIE(6.9)NRriR'HR.HrH¢SX.SY.XU.YD,PHKoQ,SoSVBgPK
FORMATELH o LXo01602Xy1692XF6.0s2XsF8e291101XFT7.3))

GOT0 1
END

FUNCTION URANILLT)
IF{i)i0,11,10

I=11111111

J=1

JaJe25
J=J-1J/6T7108B64)%67108864
=25
J=J=-(J/6T7108864)1%6T108864
JuJe5
JeJ=-(J/76TL08864)9671088064
Al=)

I=J

URANIL1=AL/6T7108864,

neTiina
nL iR

END

SUBROUT INE NRAN3L(X1yX2,1)
X3s5QRT(=2.0%ALOG{URANILIT) )}
X426.28318530T2%URAN3L(T)
X2aX31sSIN(X4)

X1=X3®C0S5({X4;
RETURN
END
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5.7 Helmer ienegration Model @
| 1. Basic Description
Tnils proyvam 1s cesigned to calculate projactile and penetrator masses, ’
penetrator diameters, and striking velocitles (ballistic limit velocities)
for lead core, ateel flechette, and steel core bullets between 5.00mm and
' ?.62mm, The target tested was the side of a helmet with ltiner, [
The lead core scaling analysils was based on a 68 grain 5,56mm lead
core projectile; the steel flechette analysis was based on a 25 grain steel
. flechetta; and the steel core bullet analysis was based on the M5% 7,62mxu »
core bullaet.
Each concept above was analyzed based upon a relationship of ¢/d to
E/c?, where
‘ [ )
t = helmet thickness = ,043 in.
d = penetrator diameter in.
E = striking enargy an the target
f »
These relationships were plotted on log-log graph paper and were used to
obtain the striking velocity for each projactile caliber after the penetrator
mags and diameter were obtained. :
( Pepetrator and projectile masses were obtained using the '"mass to dia- »
meter cubed" relationship. Penetrator diameters were scaled in a similar
manner, as were sabot masses.
] 2. Assumptions Used in Modeling .
8. Lead core analysis wes tased on a €8 grain 5.56mm bullet
b. Steel flechette analysis was based on a 25 grain 7.62mm rflechette
{ 149 [ ]
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o Nlee. C0le ana'vEls was bascd onoa 130 wraln 7.62mm bullet

do Tne hedret Lalskauss was constant (LLad din)

o Lhe log~1 .0 cutves a=el oaw oo basias Por tace un-llySiS were
Lopreosentstlve ul hilstorical cata

i, One ot the duata points usud o vrtine the steel core bullet curve

Wia o 03 vialll proJe Ulre witic a0 Lt

(3.1)

CaluUldtion 9l penetrator diadveters,

whe re
U2 GNRL AL B DAL e T e
J' = stantar) puenetlat.r o didtnetoar
D = unknown projectile diameter
' o= standard projectaiv diametet
= (e (3.2)
v . P Topnnaellatol Labs,
Wi
- e ' - : [P
;
) Taeaaallo Pl Liatoer Tass
N T (3.3)
where
U = hetlel (1 iukDess-
Jd X a2 (oL (1.4)
where

v = t/d

1,0 = Ccunstants

=




\—/l
. ®
’
e, Vel » 31333 d_x (3.5) t‘:
m
4 calculation ot ballistic limft velocity
0 »
{ =n Y (—~ .
£oM NG (3.6)
valculation ot projectile mass, '
q where:
M = unknown projectile mass ’
M' = standard projectile mass
D = unknown projectile diameter
e D' = scandard projectile diameter
B
§. ®w_ = m(l- 2.71(.3085-D)) a.n
calculation ¢t sabot mass, ms'
L | 5. Notations and Units of Program
a. lLoput* » e
1. PRDIAM (proj. diam) = projectile diam, inches
b. Cutput (See Table 1)
e
1. PRMASS (proj. mass) = prolectile mass, grains »
2. VELPBL (ballfstic limit velocity) = striking velocity at
the helmet, in fps
3, PNMASS (pen. masa) = penetrator mass, grains
€
4, PNDIAM (pen. dium) = penetrator diameter, in »
5. SAMAS (sabat mass)} = sabpt mass, gralns
c. Other Notations Used
€ 1. HINK (helmet thickness) = .043 in.
[
- .
No input data 1s required
e 151
]
L] P
»
i




, a & a
e e e * .
- - — - T T T
T—————— e . R—
[3FOR U011e132u3d 1961ag 203 Inding agdues 71 syqel
0i%2°0 66066 He LABL KT 0300047
cige*Q FA LY X 938C°¢8Y9 A2 RF RN
t902°0 TRCn g ELEL* 29y AR AFE’
GS6eT*Y KL DR L0 2 o £03L°4 L
. IHLTR¢ Y9961 {¢ AR VR YITN 2708°%49
~ LR w1w9°4] TSR IR | ihpa2n
SV iUNg SSYaNg RELRET SSVWA
NOGTSHG w0 15318
Quao-=4 GORO*C oG/ LI X ARRITS unootng
2:{ "9 LERGL®O HH26G ¢ | Lyt e q4tlul UETY R R
64262 a0 (TR R | R AL Y UTR BiE T
~ se21eat uléasy 2E62°¢1 h-Ngcag 1 ( Z12Hh*2¢
' Clay*y L69Q%y eEQTt %% 1 2] G0 T o
1240°% ZESUy ET4 RO aril*éne GERL2T -~
SVaAvYS AV IONd Sy N BRLRETS SSVYHA
POISH TLEAHDRTS 13318
GGST0 £195°0¢21 dilurs LA R RAFV R
. GfTeTy BGE %0 O119*2¢01 “iugtlen
{ LA B PRV tuve=ye VRS VIRV WS GGy 2N
12020 13230 1 Coet 1ttt €L %04
S%3A1"0 QUDC* 9y GE20° 191 ceou Ry
L9910 Thee "y HuorZ*qge 7y UVE RSN
AV Iuhd SSVANA TadT 1A ISV AYd
“TIS40 ¥ avid
[ ]
. w v . .




-~

lLuag
ARSI
30000
I.(,(\n
000
Guty

Lo

0

Mg N USRS TIME 0N
SY=fvl =793 el HELMET PENETKATION MULEL orr.-10

CAMESn] o 0 EeMELlO), PREASSTLD) VILPOLCOL )y XE10), YD)

DI¥e NS v P favilo), PNMASSILO) s SAMASILOY)

PstAT Ol T CoREOBESTOND

FORMAT (2 3LSTerl PLLCHETTL CESIGN)

FusMAaTl CIuHLSTirL LOLE CESISH)

FORMAT (1, 1L AGHIPAIMASS  JOXyGHVYELPHL o 1OA ¢ LHPNMASS , LOX 6HPND | AM)
PORMAT (R e )

PORMAT (]t FEXy 0 AMASS,, LUX s GHVELPI L 1OX g6HPNMASS , 1OX 4 AHPNII] AV,
110X, 5H51MAY)

COMpruTabl bay F I8 LMG PARAMEIRICG DESIGHN ANALYSIS

PRUTAM ) = L2020
PRUJAM(, ) = arll09
VRETAY L s ) = 22435
PRETAM4) = 220l
PRDIAY ) = G2k
P Tavio) = ,3ony
N T A

nlike =, 49

CALCULATIY N 0 STRELVING VILNDCITY, PROJECTILE MASS, AND PENLDTRATIR
FASS AN DAL LK FOROTie LFAD CuRE DESION,

ax ] TY (ny 1000)

WRITE(Ge 2D00)

’

o L.
C = LN 28R
/T WO S

PADTAMIL) = L1 maa(PEDIAMIT) /o22%)

PNMASS L) = G {pPNDIAM(T /. 184%) %835

Y{i) = vt zanau]aM(])

Xip)=vil)r&senn/(

PUMMY J= 37333, 3338 {PNDIAMI])®53)

DBYMMY 2= ¥y L2 X (] ) 7BNMASNS T

VELPRL L [ =800T (D1iMMY 2)

PRMASL ()= Glax (i lAM( ) /7.2265) %%

WRITE IO, D000 RMASHET )y VELPRLOL)y ONMASS{I) o PNDIAMLI)
CALCULAI LN OF STRIKING VELLCITY, ROJIRCTILE MASS, ANL PENCIRATOR
MASS 4l DIAMETER, AND SAHBO MASS Rl Tk STFEL FLECHETIy DESICN,
W ITELA, 2071)

WRIIClLeGOY)

” :1.1'"'

L= 00008064 % %,

PO 200 1 2 1N

PNDTAMI L) = O (PROTAM( L) /2 30)AY)

PAMASSIL) = 25.#(PWOIAMIL)/.079) %)

YOL -1l zoNG LAV L)

A1)=vil)eepnys(

DUMMY L 87333, 3338 ( P30 IAM{T )% Y)
NUYMFY2=DUMMY 1% () /PHMASS(T)

VELPEL (1 =SuRT INpMMY )

SAMASHTL) = PANYASHEL) * (L. =~ 2.71%1 30k - PROIAMIT )
PERMASSIT) = SAMAS(EL) + PuMASS(T)

WUITHE e 500 P 4waSSELY. YFLPBLUT), PEMASSIT)y PNDIAMITL,
1SAvAS( )

153

-~

@9

(%




[ N4

30

[a ol ol

MASS AND DIAMETE <« FOR THE STEEL CORE DESIOMN,

WRITE(H, $000}

WRITEL L, 4UOO)

B = 2.375

C o= L0uZ0h4tan

L0 30 1 = 1N

PNDIAM{ L) = J247/7.3085%PpD]1ANME])

PNMASSIT) = 25.%(PNDTAMIT) /26T ) %3

YL =HIk/PNDTAM(] )

X{ll=ytp)**f/C

LUMMY L= 373343445yl av(])seny)

DUMMY 2= ptiMMY L e x (] ) /PNMASSET)

VELPRL (L) =SURTILUMMY2)

PRMASS(L) = 15%0.¢(PEOTAYI]) /43085 ) %}
WRITCLa, 900N ) PREASSIT )y VELOBELT), PNMASSIT), PNLTAM(IT)
ALL STUIKING VRELULITIES (PnL %) ARE I FEET PR SECUNL,
PROJECTIEE, PO IETRATIOKSE ANE SABOL MASSES ARE N GRA['>.
PROJLOTILE ANU PENETRATIR GIANM TERS ARF IN IRCHES,

Stue

L0
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Vo3 Biush Penvtidliva Medel

L. basl. Descriplr o n
A velecity retardation model and two deflegtion models have been
developad to predict the velozity loss and defle tion of a projectile aftier

traveling a given distance into titl (a brush-like vegetation).

2. snumptions in Modeling

Hotizontal and vertical (x,y) coordina:e data and velocity data ccl-
lected in the Eglin Air Furce Base test firings through titi were used to
develop the brush penetration models. The statistical approach used in
develvoping these models was the technique of Stepwise Multiple Ragression
(6, 10;.

The assumed linear model was the genaeral quadratic

6 6 6 2.1
ye & X, % U I X, x .
11 b gy ger P4

where tha dependent varlables y were
d. valocity retardation
b. deflaction in x
¢. deflection iny
and the independent variables xi(i-l, «.s ,6) were

a. striking velecity, VB

b. depth of titi, D
c. density of tieci, o

d. projectile weight, Pw

e. projectile diameter, PD
f. striking energy, E_
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A description of the test conducted at Eplin AFB and of the procedures
used in developing the brush penetraticn models may be found in a letcer

gent to Frankford Arsenal from AMSAA [7].

3. Basic lFormulas

a, valocity retardation, VR
; 3 + . D ! 3.1
Vg B *Bo+B V.D+B VoD, o .1
b. deflection in x, D

x

p+B, Dp+B D E

Dx - B, + B0+ B Vs s
, (3.2)
+ 86 2" +B,o ES + Be Pw ES
<. detlection in v, Dy
- ¢ 3.
Dy BI*BZ VS+BJVS (3.3)

Ihe alues of the estimated cosfficlents B, for cach vt the models are
given 1n Table i. It should be noted however that these moldels are only
preliminary ond must be used with reservation. In addition, they are ouly

applicable when considering titi as the vegetation medium,

4, Notation and Units of Input and OQutput
Table 2 presents the parameters and the units of the parmeters required
a8 Jnput intc the brush penetratiosn models. The output, velocity retarda-

tion and deflection, are {n meters/seconds uand inches, respectively,”*

"
No computer program id supplied for this mudel
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Table 1

Velocgity
Retardation

0.79443727x10°

-O.lObBSQllxlO5

0.22608507x10™°

-1
-0.18521140x10

0.’«u&3583x106

N/A

. neh N hamen

Estimated Coefficients (B
Ratardation and Deflec:ion Models

) for Velocity

Model
Deflaction Deflection
in x in Y

-0.39476998x10° 0.32086264x10"

1

~0,15684456x10" -0.16841011x10"

0.18225957x10% 0.12189035x107%

0.28783467x102 . N/A
-0.35904049x10" % N/A
0.19894972x10° N/A
-0.62024076x10° N/A
_1
0.18495796x10™ - N/A
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Table 2

Symbal

Input Paremeters for Brush FPenetration Program

Paraneter

Striking velocity

Depth of ti:d

Density of cicl

Projectile weight

Projectile diameter

Striking ensargy
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inits
meters/second °
Teter?
grams/cublic centimeters
grams
»
milimeters
jovles
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